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(54) RUST-PREVENTIVE STEEL SHEET FOR FUEL TANK AND PROCESS FOR PRODUCING THE 
SHEET 



(57) A rust-preventive steel sheet for fuel tanks hav- 
ing on the surface thereof an alloy layer containing at 
least one of Ni, Fe, Zn and Sn and having a layer thick- 
ness of at most 2 pm per each side and, formed ther- 
eon, a tin-zinc alloy plating layer comprising 40-99 wt.% 
Sn and 60-1 wt.% Zn, containing at most 20/0.25 mm 2 
of zinc crystals with a major diameter of 250 urn or 
above, and having a layer thickness of 2-50 urn per 
each side, the steel sheet as the base metal containing, 
on the weight basis, at most 0.1 % C, at most 0.1 % Si, 
0.05-1.2 % Mn, at most 0.04 % P, at most 0.1 % Al, 
optionally at least one of B, Ti, Nb and Cr, and the bal- 
ance consisting of Fe and inevitable impurities, and a 
process for producing the sheet which comprises pre- 
coating an annealed steel sheet with Ni and Ni-Fe alloy 
in a Ni content of 0.1-3.0 g/m 2 , coating the sheet with a 
flux containing 2-45 wt. % (in terms of chlorine) of 
hydrochloric acid, and plating the sheet by dipping the 
same in an alloy bath composed of 40-99 wt. % Sn and 
60-1 wt. % Zn at a bath temperature ranging from the 
melting point of the alloy plus 20 °C to the melting point 



plus 300 °C for a period of less than 15 sec. 

Fig. 2 
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Description 

TECHNICAL FIELD 

5 This invention relates to a rust-proofing steel sheet mainly used for fuel tanks of automobiles or for wiring members 

of electric (and electronic) appliances, and a production method thereof. 

BACKGROUND ART 

10 A lead-tin alloy plated steel sheets having excellent corrosion resistance, press formability, severability (voidabil- 
ity), etc., have been mainly used as a material for fuel tanks in the past, and have found a widespread applications as 
fuel tanks for automobiles. A Zn-Sn alloy plated steel sheet is excellent in corrosion resistance and solderability (weld- 
ability) because it contains tin besides zinc, and has been used for wiring members of electric (and electronic) appli- 
ances. This Zn-Sn alloy plated steel sheet has been produced mainly by an electroplating method which conducts 

is electrolysis in an aqueous solution containing Zn-Sn ions when Zn-Sn alloy plating containing 3 to 20 wt% of tin is car- 
ried out as described, for example, in Japanese Unexamined Patent Publication (Kokai) No. 52-130438. 

On the other hand, a hot-dip plating method is also available for the Zn-Sn alloy plated steel sheet. Because this 
method can increase relatively easily the deposition quantity of plating, the products produced by this method have 
been used under severe environments such as fuel tanks and for outdoor use. As to this hot-dip plating method, Japa- 

20 nese Examined Patent Publication (Kokoku) No. 52-35016, for example, discloses an example in which a steel sheet 
obtained by hot-dip plating of more than 80 to 98 wt% of tin and 2 to less than 20 wt% of zinc is used for fuel tanks of 
automobiles and oil tanks of kerosine stoves. Japanese Unexamined Patent Publication (Kokai) No. 4-214848 
describes a plated article obtained by plating an iron type plated material by Zn-Sn alloy plating containing 70 to 98 wt% 
of tin, and a production method thereof. Further, Japanese Unexamined Patent Publication (Kokai) Nos. 3-229846 and 

25 5-263208 describe a zinc type plated article obtained by serially plating a tin-containing alloy layer as a hot-dip galva- 
nized layer on an iron type substrate, or a chromium plating layer on an alloy layer containing zinc and aluminum, a pro- 
duction method thereof. Japanese Unexamined Patent Publication (Kokai) Nos. 5-9786 and 6-1 16749 disclose a steel 
sheet obtained by serially plating tin and nickel and a second plating layer containing them on nickel, cobalt and a first 
plating layer containing them, whereby tin and nickel have lower melting points than nickel and cobalt, then conducting 

30 plastic forming and thereafter conducting heat-treatment, components made by such a steel sheet, and weldable pipes 
such as fuel pipings of automobiles. 

Further,' Japanese Examined Patent Publication (Kokoku) No. 63-66916 discloses a steel sheet for an alcohol-con- 
taining fuel, which is obtained by applying a Sn-Zn alloy plating layer to a low carbon steel to which alloy elements such 
as chromium, aluminum, titanium, niobium, etc., are added. 

35 However, the prior art technologies described above are not free from the following drawbacks. 

First of all, while the use of the Pb-Sn plated steel sheet can secure the corrosion resistance requirements for the 
service life of automobiles, press formability capable of press forming in match with a complicated structure of a car bot- 
tom portion and solderability and weldability capable of bonding fuel tank components, the Pb-Sn plated steel sheet 
contains lead and is not therefore preferable in view of the environmental restrictions such as the restriction of elution 

40 of lead from industrial wastes such as shredder dust. 

On the other hand, the use of the Sn-Zn plated steel sheet by electroplating described above can improve the sol- 
derability and corrosion resistance, but this method involves problems in productivity and economy for the following rea- 
son. A plated steel sheet having a greater plating deposition quantity is necessary for environments where long-term 
corrosion resistance is required, such as a fuel tanks, but because control of the deposition quantity in the electroplating 

45 method depends on the time and the magnitude of a current, the deposition quantity can be obtained only by extending 
the processing time or by passing a greater current, and great problems occur in productivity and economy. 

Further, when an iron type substrate is serially plated with a zinc or zinc alloy layer and a chromium plating layer, 
the corrosion resistance, etc., can be further improved due to the addition of the chromium plating layer, but the thick- 
ness of the zinc alloy layer is as great as 5 to 75 pm, preferably 10 to 50 and further preferably 10 to 30 pm, and it 

so is difficult to secure the corrosion resistance by the alloy layer. Moreover, because base iron is contained in the alloy 
layer, press formability remarkably drops, and such a material is not therefore suitable as a fuel tank material. 
Next, the problems with the foregoing prior art technologies will be explained in further detail. 
Japanese Unexamined Patent Publication (Kokai) Nos. 5-9786 and 6-1 16749 describe a steel sheet component 
and a weld pipe having a first plating layer consisting of at least one of Ni, Co and their base alloys and a second plating 

55 layer of an Sn-Zn alloy, etc., having a lower melting point than the first plating layer and formed on the first plating layer, 
whereby the steel sheet component or the weld pipe has a contact portion with the fuel, and a production method of the 
steel sheet component or the weld pipe. However, because these technologies form the first and second plating layers 
by an electrical or chemical plating method, heat -treatment after plating is essentially necessary. The main object of this 
heat-treatment step is to prevent pin-holes from remaining in the first plating layer or cracks occurring with plastic form- 
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ing, by fusing and fluidizing the second plating layer. Since this heat-treatment is carried out at a high temperature within 
the range of 600 to 1 ,200°C, segregation of specific components such as zinc occurs during the cooling process after 
melting, and there is a large possibility that the corrosion resistance is locally deteriorated. 

In contrast, since the present invention employs the hot-dip plating method as will be later described, heat-treat- 
ment after plating is not of course necessary. Moreover, since the technical background is entirely different from the 
very outset, the resulting product and the production method are different, as well. Further, the inventors of the present 
invention have examined in detail the relationship between the size of the zinc crystals and the corrosion resistance as 
to the form of zinc in the Sn-Zn alloy plating layer, and have clarified the preferred distribution form of the zinc crystals 
required for a fuel tank material having excellent characteristics as well as the cooling condition after the plating treat- 
ment so as to accomplish such a distribution form. Therefore, the prior art technologies described above do not at all 
teach or suggest the relation as the important constituent requirement in the present invention. 

Japanese Unexamined Patent Publication (Kokai) No. 3-229846 discloses a hot-dip galvanized article obtained by 
plating a zinc film or a zinc alloy film to an iron type plated article through an alloy layer containing at least iron, zinc and 
nickel. As to the zinc alloy film, this reference partially describes a molten Zn-Sn alloy plating layer containing at least 
30 wt% of tin, but because aluminum is an indispensable component in the zinc alloy film of this reference, it is only in 
the case of using the Zn-A^ alloy as the Zn-A^ alloy that a detailed technical explanation is given. Therefore, this refer- 
ence does not at all give any technical disclosure on the Sn-Zn alloy plating layer which is particularly dealt with in the 
present invention. Further, because no description is given on the cooling conditions after plating, the growth of macro- 
crystals of zinc is expected, and there is a large possibility that the corrosion resistance is deteriorated. 

Japanese Unexamined Patent Publication (Kokai) No. 4-214848 discloses a hot-dip galvanized article wherein a 
molten Zn-Sn alloy plating layer (zincrtin = 2 to 30 wt%:98 to 70 wt%) is plated to a to-be-plated article consisting of 
castings through an alloy layer containing at least iron, zinc and nickel. This reference clearly describes that the techni- 
cal problem is different between the case where the object is an iron type plated article (higher order concept of steel 
sheets and castings) and the case where it is a castings, and that particularly in the case of the castings, a Zn-Sn alloy 
plating film must be formed through an alloy layer which contains at least iron and zinc and in which nickel exists, 
because the tin content is high and it is difficult to form a Zn-Sn alloy plating film having an excellent corrosion resist- 
ance. In other words, when the to-be-plated article is a steel sheet, this reference does not have any concrete descrip- 
tion about the alloy layer containing Ni, Fe, Zn and Sn as the constituent requirement of the present invention, and 
neither teaches nor suggests the relationship between the size of the zinc crystals and the corrosion resistance which 
has been clarified for the first time by the present invention. Since the characterizing Fe-Zn alloy layers such as the 
plate-like layer and the prismatic layer are formed in a thickness equal to, or greater than, the thickness of the Zn-Sn 
alloy plating layer in this reference, the product of this reference presumably is subject to problems of press formability 
and the corrosion resistance of the press formed portion in the case of application to the fuel tanks where it is exposed 
to subsequent severe press forming conditions. 

Japanese Unexamined Patent Publication (Kokai) No. 5-263208 discloses a zinc type plated article obtained by 
serially plating an iron type substrate by a molten Zn-Sn alloy plating layer containing at least zinc and tin and a chro- 
mium plating layer. However, this reference does not clearly describe the alloy layer containing Ni, Fe, Zn and Sn as the 
constituent requirement of the present invention, and does not at all describe, either, the distribution form of the zinc 
crystals. Further, because this reference does not describe the cooling condition after plating, the growth of the macro- 
scopic zinc crystals is expected, and the possibility of degradation of the corrosion resistance is great, too. 

Japanese Examined Patent Publication (Kokoku) No. 52-35016 discloses an Sn-Zn type hot-dip plating steel mate- 
rial having an alloy film comprising more than 80 to 98 wt% of tin and 2 to less than 20 wt% of Zn. Though this reference 
has a technical explanation on the Sn-Zn alloy having a specific composition, it does not at all describe the alloy layer 
containing Ni, Fe, Zn and Sn as the constituent requirement of the present invention, and does not describe the distri- 
bution form of the zinc crystals. 

Japanese Unexamined Patent Publication (Kokai) No. 63-6691 6 discloses a steel sheet for fuel containers compris- 
ing a low carbon steel containing alloy elements such as Cr, M t Ti t Nb, etc., added thereto, a Ni or Co or Ni-Co alloy 
diffusion layer and an Sn-Zn alloy plating layer. As to the plating method of the Sn-Zn alloy, the reference specification 
describes "the plating method and the plating condition are not particularly limited". However, because it is the electro- 
plating method that is actually disclosed in the specification, heat-melting treatment of the pin-holes (pore sealing treat- 
ment) of the alloy plating layer becomes subsequently necessary in some cases. In contrast, since the present invention 
employs the hot-dip plating method, the pore-sealing treatment need not naturally be carried out after plating. This ref- 
erence does not teach or suggest, either, the relationship between the size of the zinc crystals and the corrosion resist- 
ance that has been clarified for the first time by the present invention. 

As described above, the inventors of the present invention have examined in detail the relationship between the 
size of the zinc crystals and the corrosion resistance and the form of zinc in the Sn-Zn alloy plating layer, and have 
clearly stipulated the desirable distribution form of the zinc crystals required for the material for fuel tanks having excel- 
lent characteristics and the cooling conditions after plating treatment for accomplishing such a distribution form, but 
none of the prior art references described above teaches or suggests at all the distribution form of the zinc crystal and 
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the cooling condition after plating as important constituent requirements of the present invention. 
DISCLOSURE OF THE INVENTION 

5 In order to solve the problems described above, the inventors of the present invention have made various studies 

on the structure of the Zn-Sn alloy plating layer, the surface conditions and the base metal composition, the film condi- 
tions for improving the corrosion resistance and the optimum production condition of the Zn-Sn alloy plating layer, and 
have found that optimum performance as the material for luel tanks can be obtained by employing the construction as 
stipulated by the present invention. 

10 Particularly, the present inventors have clarified the relation between the size of the zinc crystals and the corrosion 
resistance in connection with the form of zinc in the Zn-Sn alloy layer. In other words, if the size of the zinc crystals is 
great, the zinc crystals is likely to be preferentially corroded, the plating layer is therefore corroded locally and useful life 
till penetration of the plating layer becomes short. When press forming is carried out, the zinc crystals serves as the 
path for the propagation of cracks, so that the cracks propagate through the plating layer, thereby causing peeling of the 

is plating and promoting the progress of the corrosion to the steel. Therefore, the present inventors have discovered that 
the precipitation size of the zinc crystals and the number of the zinc crystals per unit area are important factors. 

The present inventors have also found that the corrosion resistance and press formability can be remarkably 
improved by the optimum combination of the surface conditions of the Zn-Sn alloy plating layer, particularly its surface 
coarseness and corrosion resistance, the improvement of press formability and the base metal composition as the 

20 base. 

A spangle consisting primarily of tin precipitates as the primary crystal during the cooling process of the Zn-Sn alloy 
plating layer, but because a large crystal structure (hereinafter called the "spangle") is formed in a gentle cooling proc- 
ess, the needle-shaped crystals of zinc that have grown are primarily and quickly dissolved in the corrosive environ- 
ment, and cracks are likely to occur with these needle-shaped crystals as the starting point. On the other hand, when 

25 ultra-quick cooling is carried out, the spangle becomes fine, so that a large strain is incorporated in the crystals and the 
corrosion resistance as well as formability may be adversely affected. However, when the steel sheet is formed into the 
fuel tank, the heat of coating and baking is generally applied and the release of the strain can be expected. Therefore, 
there is no practical problem. Consequently, the present inventors have found the optimum size of the spangle in addi- 
tion to the optimum production conditions of the Zn-Sn alloy plating layer. 

30 Further, the present inventors have found an additional plating treatment for further improving the corrosion resist- 
ance on the Zn-Sn alloy plating layer described above. 

The present inventors have also found the optimum production conditions for obtaining the Zn-Sn plating layer 
described above. 

The first object of the present invention is to provide a rust-proofing steel sheet for a fuel tank characterized in that 
35 an alloy layer containing at least one of nickel, iron, zinc and tin is deposited onto the surfaces of the steel sheet to a 
thickness of not greater than 2 jim per surface, and a Sn-Zn alloy plating layer which consists of 40 to 99 wt% of tin and 
the balance of zinc and unavoidable impurities and in which the number of the zinc crystals having a major axis of at 
least 250 urn is not greater than 20 pcs/0.25 mm 2 is deposited onto the alloy layer to a thickness of 2 to 50 jjm per sur- 
face. 

40 It is the second object of the present invention to provide a rust-proofing steel sheet for a fuel tank wherein the sur- 
face coarseness Ra (center line mean coarseness) of the Sn-Zn alloy plating layer described above is 0.2 to 3.0 urn. 

It is the third object of the present invention to provide a rust-proofing steel sheet wherein the composition of the 
base metal on which the Sn-Zn alloy plating layer is applied is a steel containing, in terms of wt%, C < 0. 1%, Si < 0.1%, 
0.05% < Mn < 1 .2%, P < 0.04%, S < 0.04%, A£ < 0.1%, at least an atomic equivalent of a (C + N) content to 1 .0% of at 
45 least one of Ti and Nb and the balance of Fe and unavoidable impurities, and the steel further contains at least one of 
0.0002 to 0.0030% of B and 0.2 to 6% of Cr in addition to the composition described above. 

Furthermore, the present invention provides a rust-proofing steel sheet for a fuel tank wherein a chromate treat- 
ment film is applied to the outside of the Sn-Zn alloy plating layer described above in a quantity of 0.2 to 100 mg/m 2 , 
calculated as chromium, per surface and/or an organic-inorganic composite film containing at least one of chromium, 
50 silicon, phosphorus and manganese and containing an organic resin primarily consisting of an acrylic resin, a polyester 
resin or an epoxy resin, in a deposition quantity of 0.01 to 2.0 g/m 2 . 

In order to obtain the Sn-Zn alloy plating layer, the present invention provides the following method. 

(1) A production method of a Zn-Sn alloy plated steel sheet which comprises the steps of degreasing and pickling 
55 an annealed steel sheet, applying Ni or Ni-Fe alloy pre-plating in a plating amount of 0.1 to 3.0 g/m 2 in terms of 
nickel content per surface, applying a flux containing 2 to 45 wt%, calculated as chlorine, of hydrochloric acid, and 
carrying out plating by dipping the steel sheet into a bath comprising 40 to 99 wt% of tin and the balance of zinc 
and unavoidable impurities at a bath temperature of (melting point + 20°C) to (melting point + 300°C) for less than 
15 seconds. The deposition quantity is adjusted and the material is further cooled at a cooling rate of at least 10 
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°C/sec. 

(2) A production method which comprises the steps of applying Ni or Ni-Fe type pre-plating to an annealed steel 
sheet in a nickel content of 0.1 to 3.0 g/m 2 per surface, conducting a plating pre-treatment in a non-oxidizing fur- 
nace at a maximum sheet temperature of 350 to 650°C. an air ratio of 0.85 to 1.30, a maximum sheet temperature 

5 in a reducing furnace of 600 to 770°C, a ratio of retention time in the non-oxidizing furnace to retention time in the 

reducing furnace of 1 to 1/3, and an outlet temperature of not higher than (dew point - 20°C) at the outlet of the 
reducing furnace, adjusting the sheet temperature immediately before plating to almost the bath temperature, car- 
rying out plating by dipping the steel sheet in a bath consisting of 40 to 99 wt% of tin and the balance of zinc and 
unavoidable impurities at a bath temperature of (melting point + 20°C) to (melting point + 300°C) for less than 6 sec- 

w onds, and cooling the plated steel sheet at a cooling rate of at least 10 °C/sec. 

(3) A production method of a Zn-Sn alloy plated steel sheet which comprises the steps of conducting pre-piating 
treatment for a cold-rolled steel sheet at a maximum sheet temperature in a non-oxidizing furnace of 450 to 750°C, 
an air ratio of 0.85 to 1 .30, a maximum sheet temperature in a reducing furnace of 680 to 850°C, a ratio of retention 
time in the non-oxidizing furnace to retention time in the reducing furnace of 1 to 1/3, and an outlet dew point of not 

15 higher than (dew point - 25°C) at the outlet of the reducing furnace, adjusting the sheet temperature immediately 

before plating to almost the bath temperature, carrying out plating by dipping the plated steel sheet into a bath com- 
prising 40 to 99 wt% of tin and the balance of zinc and unavoidable impurities at a bath temperature of (melting 
point + 20°C) to (melting point + 300°C) for less than 6 seconds, and cooling the plated steel sheet at a cooling rate 
of at least 1 0 °C/sec. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1(a) is a photograph showing the structure of macroscopic zinc crystals in the precipitation size that are 
observed in a conventional Zn-Sn alloy plating layer. 
25 Fig. 1(b) is a photograph showing the structure of zinc crystals of an appropriate size in the precipitation size that 

are observed in the Zn-Sn alloy plating layer obtained by the present invention. 

Fig. 2 is a diagram showing the relation between a red rust occurrence ratio of a Sn-Zn plated steel sheet after a 
brine spray test (SST, 500 hours) and the major diameter (pm) of the zinc crystals in the Sn-Zn plated material. 

30 BEST MODE FOR CARRYING OUT THE INVENTION 

As described above, the present invention has clarified the relationship between the precipitation size of the zinc 
crystals within a suitable range in the Sn-Zn alloy plating layer, the number of the zinc crystals per unit area and the 
corrosion. Hereinafter, the present invention will be explained in detail. 

35 Fig. 1 shows a structure photograph relating to the precipitation size of the zinc crystals. Fig. 1 (a) shows a macro- 
scopic zinc crystal observed in the conventional Zn-Sn alloy plating layer, and its precipitation size is as great as hun- 
dreds of microns. As described above, macroscopic zinc crystals are preferentially corroded and induce the 
propagation of cracks. On the other hand, Fig. 1(b) shows the case where zinc crystals having a certain specific size 
exists per unit area when the corrosion resistance is remarkably improved by the present invention. The relationship 

40 between the zinc crystals having a certain specific size per unit area and the corrosion resistance will be explained with 
reference to Fig. 2. Fig. 2 shows the relationship between a red rust occurrence ratio of the Sn-Zn plated steel sheet 
after a brine spray test (SST for 500 hours) and the major diameter (urn) of the zinc crystals of this Sn-Zn plating mate- 
rial. As can be seen clearly from Fig. 2, the red rust occurrence ratio drastically increases when the zinc crystals major 
diameter exceeds 250 ^im within the range of the number of the zinc crystals of 20 to 210 pcs/0.25 mm 2 , and red rust 

45 occurs at an extremely high frequency in the case of macroscopic zinc crystals as in the prior art. On the other hand, 
the red rust occurrence ratio is extremely low, lower than 40%, outside the range described above. Thus, it is important 
that zinc crystals having a suitable size exists per unit area in the Sn-Zn alloy plating layer. It has been found that the 
precipitation of zinc crystals is such that the crystals having a major diameter of not smaller than 250 urn exist in a 
number of not greater than 20 pcs/0.25 mm 2 . 

so On the basis of the findings described above, the present inventors have discovered the optimum conditions for 

obtaining the Sn-Zn alloy plating layer. 

An annealed steel sheet obtained by conducting heat-treatment and rolling such as hot rolling, pickling, cold rolling, 
etc., or a rolled material, is used as a raw sheet for plating, and after pre-treatment such as the removal of a rolling oil, 
etc.. plating is carried out. 

55 As to the alloy structure in the proximity of the steel, a structure containing a steel component-plating component 
occurs at the boundary with the steel if pore-closing treatment, etc., is carried out by heating after hot-dip plating or 
electroplating. This structure will be hereinafter called the "alloy layer". This alloy layer contains at least one kind of 
nickel, iron, zinc and tin. Since these components are not easily corroded by fuels such as gasoline, a greater thickness 
of the alloy layer is more advantageous for securing a long-term corrosion resistance. From the aspect of securing 
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severe formability suitable for complicated shapes for lower portions of automobiles, however, cracks occur in the alloy 
layer at the time of forming because the hardness of this structure is high. Further, when the thickness of this alloy layer 
is greater than a certain thickness, the cracks propagate into the plating layer at the upper portion of the alloy layer and 
breakage occurs in the plating layer. Therefore, degradation of the corrosion resistance due to peeling of the plating and 

5 damage of the plating layer might occur. To cope with this problem, the present invention limits the thickness of the alloy 
layer to not greater than 2 um However, in some cases, the thickness of the alloy layer is preferably smaller than 1.5 
urn when the particular plating portion is anticipated by steel components, etc. 

It is necessary for the plating layer having a composition containing tin and zinc to provide the tank inner surface 
with resistance to corrosion due to fuel such as gasoline, and the outer surface with resistance to corrosion due to salt, 

io occurring when driving in areas where snow melting salt is used, press formability allowing forming of the steel sheet 
to match the structure of the lower portions of automobiles, and weldability allowing bonding of the steel sheet to com- 
ponents such as a fuel pipe. When the tin content in the plating layer is smaller than 40%, the tank inner surface corro- 
sion resistance drastically drops, the dissolution speed of the plating layer becomes great, and the dissolution speed of 
the plating layer in an environment subject to salt corrosion becomes great, too, and the corrosion resistance drops 

75 drastically As the zinc content becomes great, press formability of the plating layer drops. Furthermore, as the zinc con- 
tent becomes great, solderability drastically drops. When the tin content in the plating layer becomes greater than 99%, 
the sacrificial corrosion proofing effect provided by the plating layer in an environment subject to salt corrosion becomes 
low, though performance does not particularly drop, and when scratches, etc., develop, iron rust is likely to occur from 
the base. Therefore, the present invention stipulates the composition for the plating layer to be 40 to 99 wt% of tin and 

20 the balance of zinc and unavoidable impurities. However, the tin content must be increased when the particular plating 
portion is limited by steel components, etc., such as when severe formability is required, and in such a case, a tin con- 
tent of 80 to 99 wt% becomes preferred. 

The thickness of the plating layer affects the corrosion resistance. If the thickness is too small, the corrosion pro- 
ceeds to the base within a relatively short period in the course of extended use of the plated steel sheet, the fine pin- 

25 holes generated at the time of plating are not covered but are exposed, and the corrosion of the base therefore occurs 
more quickly than the life estimated from the plating thickness. If the plating thickness is too great, on the other hand, 
while the corrosion resistance can be sufficiently secured, but the plating performance becomes excessive. By the way. 
solderability depends on the plating deposition quantity. If the deposition quantity is extremely small, solderability is 
likely to be affected by the base and is reduced. Therefore, the plating thickness is preferably 4 to 50 urn per surface. 

30 However, even a plating thickness of 2 urn can secure sufficient corrosion resistance if measures are taken so as to 
reduce plating damage during plating by paying specific attention to the surface lubricating property and the forming 
method. Therefore, the plating thickness is set to 2 to 50 urn per surface. 

Next, coarseness is associated with the surface lubricating property, and exerts great influence on the coefficient 
of friction and on the oil retaining property A rust-proofing oil is applied to the steel sheet at the time of pressing of the 

35 actual tank and at least at the time of shipment of products, and the oil retaining property becomes important. The 
greater the coarseness Ra, the higher becomes the oil retaining property, but when the coarseness Ra is too great, the 
effect reaches saturation and the plating thickness becomes non-uniform locally after forming, so that, to the contrary 
the corrosion resistance is adversely affected. Accordingly, the upper limit of the coarseness is set to Ra 3.0 ^m. On the 
other hand, if the coarseness is less than 0.2 um, the oil retaining property of the present plating composition drastically 

40 drops, and the surface lubricating property is deteriorated. In view of these facts, the coarseness is set to 0.2 to 3.0 fim. 
When press formability is taken into consideration in connection with the coefficient of friction, the plating layer 
composition, post -treatments for improving various kind of performance such as the corrosion resistance, the kind of 
surface films inclusive of the coating oil, surface evenness, etc., affect the coefficient of friction, and depending on the 
coefficient of friction, various problems occur such as cracks in the plating layer, wear and loss of the plating layer and 

45 reduced corrosion resistance. In consideration of these factors, the coefficient of kinetic friction is preferably not greater 
than 0.3 after the application of the oil in the Zn-Sn composition of the present invention. 

Furthermore, the inventors of the present invention have conducted intensive studies on steel components, plating 
layer structures, constructions, and so forth in order to provide a rust-proofing steel sheet for fuel tanks not containing 
lead (with the exception of unavoidable impurities), and have found that the materials according to the structure of the 

so present invention satisfy the performance requirements for fuel tank materials. 
A rust-proofing steel sheet for a fuel tank which is: 

(1) a steel sheet containing, in terms of wt%, C <0.1%. Si < 0.1%, 0.05% < Mn < 1 .2%, P < 0.04% and A£< 0.1%, or 

(2) a steel sheet containing, in terms of wt%, C < 0.1%. Si < 0.1%, 0.05% < Mn < 1 .2%, P < 0.04%, M < 0.1%. at 
55 least one of Ti and Nb in an amount greater than the atomic equivalent of the (C + N) content to 1 .0% and 0.0002 

to 0.0030% of B; wherein an alloy layer containing at least one of Ni t Fe ( Zn and Sn is deposited on the steel sheet 
to a thickness of not greater than 1.5 per surface, and a Sn-Zn alloy layer consisting of 40 to 99 wt% of tin and 
the balance of zinc and unavoidable impurities, and containing not greater than 20 pcs/0.25 mm 2 of zinc crystals 
having a major diameter of at least 250 pm as viewed from the surface is deposited on the alloy layer described 
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above to a thickness of 2 to 50 per surface. 

Further, the present invention provides a rust-proofing steel sheet for a fuel tank which is: 
(3) a steel containing, in terms of wt%, C < 0.08%, Si < 0.1%, 0.05% < Mn < 1 .5%, P < 0.035%, A£ < 0.1% and 0.2 
< Cr < 6%, or 

5 (4) a steel containing, in terms of wt%, C < 0.08%, Si < 0.1%, 0.05% < Mn < 1.5%, P < 0.035%, At < 0.1%, 0.2 < 

Cr < 6%, 0.0002 to 0.0030% of B and at least one of Ti and Nb in an amount greater than the atomic equivalent of 
the (C + N) content to 1 .0%; wherein an alloy layer containing at least one of nickel, iron, chromium., zinc and tin is 
deposited to the steel sheet to a thickness of not greater than 1 .5 pm per surface, and a Sn-Zn alloy layer consisting 
of 40 to 99 wt% of tin and the balance of zinc and unavoidable impurities and containing not greater than 20 

w pcs/0.25 mm 2 of zinc crystals having a major diameter of at least 250 ^jm as viewed from the surface is deposited 
on the alloy layer described above to a thickness of 2 to 50 fim per surface. 

The steel components must have a component system allowing the steel sheet to be formed into complicated 
shapes of the fuel tank, must be able to reduce the thickness of the alloy component layer of the tin-zinc boundary sur- 
15 face to minimum and must be a component system which restricts the progress of corrosion in the internal environment 
of a fuel tank and in the external environment. Hereinafter, the steel components will be explained in detail. 

To secure strength, a certain content of C is necessary. In the plating bath components of the present invention, C 
is an element which lowers formability and the corrosion resistance, but is advantageous for securing plating adhesion 
at the time of press forming because it functions as an element which restricts the reaction of the steel-plating layer 
20 boundary. Therefore, the C content is limited to C < 0.1% in terms of wt%. 

Since Si stabilizes the oxide film of the steel surface, it is likely to remain when the steel sheet of the present inven- 
tion is dipped in the plating bath having the bath components of the present invention, to restrict the plating reaction and 
to form large quantities of pin holes (unplated portions) that adversely affect the corrosion resistance. Though Si must 
be contained in a certain amount to secure strength, its content must be adjusted because it is one of strength reinforc- 
es ing elements. In the plating bath components of the present invention, Si functions as the element that restricts the 
steel-plating layer boundary reaction, and is therefore advantageous for securing adhesion of plating at the time of 
press forming. In view of these factors, the Si content is set to Si < 0.1% in terms of wt%. 

Mn must be contained in a certain amount so as to secure strength. Because it is a strength reinforcing element, 
however, Mn is likely to lower formability and its content must be limited. In the plating bath of the present invention, Mn 
30 is likely to improve reactivity and to promote the steel-plating layer boundary reaction. Therefore, the Mn content must 
be adjusted to regulate the boundary reaction. In view of these factors, the Mn content is limited to 0.05% < Mn < 1 .2% 
in terms of wt%. 

P has the effect of restricting the reaction in the plating bath, and is a necessary component for restricting the steel- 
plating layer boundary reaction. If its content is too great, however, large quantities of pin holes are formed. In view of 

35 these factors, P is limited to 0.04% < P in terms of wt%. 

A£ has the effect of restricting the reaction in the plating bath, and is a necessary component for restricting the 
steel-plating layer boundary reaction. If its content is too great, however, platability drops drastically, and pin holes are 
likely to occur. Therefore, the upper limit of the A£ content must be limited to 0.1% in terms of wt%. 

Nb and Ti are necessary elements for fixing N and imparting formability to the steel sheet. When contained in an 

40 amount at least equal to the atomic equivalent of (C + N), they can fix C and N. When their content exceeds 1 .0%, the 
effect reaches saturation, and in the plating bath of the present invention, Nb and Ti are likely to promote the steel-plat- 
ing layer boundary reaction. Therefore, from the aspect of the adjustment of the boundary reaction, too, their content 
must be adjusted. In view of these factors, at least one of Ti and Nb is at least the atomic equivalent of the (C + N) con- 
tent and the upper limit is set to 1 .0% in terms of wt%. 

45 B precipitates in grain boundary to thereby improve a strength of the grain boundary, and is necessary for prevent- 

ing the secondary forming cracks and improving formability. If its content is too great, however, its effect reaches satu- 
ration and its strength in high temperature becomes so high that hot rollability drops. Therefore, its content is limited to 
0.0002% to 0.0030% in terms of wt%. 

Cr improves a strength but is likely to lower formability and plating ability. However, Cr has the effect of drastically 

50 improving the corrosion resistance of the steel. In the plating layer composition of the present invention, the addition of 
even a relatively trace amount of Cr can obtain a sacrifice corrosion-proofing effect, and the corrosion resistance 
improving effect is greater than for conventional, ordinary steels. Therefore, the Cr content must be adjusted in consid- 
eration of formability, plating ability and the corrosion resistance, and is limited to 0.2 < Cr < 6% in terms of wt%. 

Next, in order to provide a rust-proofing steel sheet for a fuel tank not containing lead (exclusive of unavoidable 

55 impurities), the inventors of the present invention have conducted intensive studies on various plating compositions, film 
structures and constructions, and have developed a rust-proofing steel sheet for a fuel tank having excellent press form- 
ability and corrosion resistance which is a Sn-Zn alloy plated steel sheet containing 40 to 99 wt% of tin, and wherein a 
plating structure having a major diameter of spangles on the outermost surface of not greater than 20.0 pm is applied 
through an alloy layer having a thickness of not greater than 2.0 pm. 



7 



MSDOCID: <EP 0763608A1.J_> 



EP 0 763 608 A1 

Generally, a small crystal structure (which will be hereinafter called the "spangle") appears when cooling is carried 
out extremely quickly. However, because a large strain is incorporated in the structure, the corrosion resistance as well 
as formability might drop. On the other hand, when cooling is gradually carried out after plating, a spangle consisting 
principally of tin is formed, and the problem of the thermal strain disappears. However, the large crystals undesirably 
5 function as the starting point of the occurrence of cracks during forming. 

For the reasons described above, the present invention stipulates also the size of the spangle. 
The size of the spangle can be defined by the length of the major diameter of the crystal. Generally, round spangles 
are formed in many cases, but because the length of the major diameter of the crystal is not always equal to the length 
of the minor diameter, the present invention defines the size of the spangle by the length of the major diameter. 
10 From the aspects of the corrosion resistance and formability, further, the present invention limits the length of the 
major diameter of the crystal to preferably not greater than 20 mm and more preferably not greater than 10 mm for a 
spangle after plating. In the case of coarse crystals having a length of the major diameter of the crystal of greater than 
20 mm, the spangles function as the starting point of the occurrence of cracks during forming as described above. 
Fine crystals having a length of the major diameter of the crystal of not greater than 1 .0 mm incorporate a large 
75 thermal strain and might lead to problems. However, because heat is ordinarily applied in operations such as painting 
or baking to the steel sheet during its press forming into a fuel tank, the release of this strain can be expected, and there 
is no practical problem. 

A chromate treatment film is further disposed on the plating layer. This chromate treatment film has extremely high 
compatibility with the plating layer having the composition of the present invention, covers defects such as very small 

20 pin holes, dissolves the plating layer to repair the pin holes and thus drastically improves the corrosion resistance. 
Therefore, the lower limit value of this chromate treatment film as the value for improving the corrosion resistance is set 
to 0.2 mg/m 2 when calculated in terms of chromium. The upper limit value of the deposition quantity of this treatment 
film is preferably high in consideration of the corrosion resistance and resistance weldability, and is set to 100 mg/m 2 
when calculated in terms of chromium. If the deposition quantity is greater than 100 mg/m 2 , the effect reaches satura- 

25 tion, and the film is colored leading to deteriorated appearance. When solder bonding is employed, however, soldera- 
bility drops if the deposition quantity is great and for this reason, the deposition quantity of not greater than 25 mg/m 2 
is preferred, when calculated in terms of chromium. 

The present invention has also developed a rust-proofing steel sheet for a fuel tank having excellent formability, cor- 
rosion resistance and weldability which has an organic-inorganic composite film having a deposition quantity of 0.01 to 

30 2.0 g/m 2 on the surface of an Sn base alloy plating layer in place of the chromate treatment film described above. 

The Sn base alloy plating layer described above may contain at least one of not greater than 20% of Zn, not greater 
than 5% of Cr, not greater than 5% of Mn, not greater than 5% of Ti, not greater than 5% of A^, not greater than 5% of 
Cd and not greater than 5% of Mg in the sum of not greater than 20%, and the balance of Sn and unavoidable impuri- 
ties. 

35 The organic-inorganic composite film may contain at least one of chromium, silicon, phosphorus and manganese 
compounds In the sum of at least 20 wt%, or an organic resin of the organic-inorganic composite film may be at least 
one of acrylic, polyester and epoxy types. 

In the present invention, the film of the outermost layer has a very important role of governing the corrosion resist- 
ance, weldability, solderability and brasability. Therefore, it is important to further improve these characteristics. 

40 Spot welding and seam welding are electric resistance welding methods which use a copper base alloy as an elec- 
trode, and the tin base alloy as the plating metal of the present invention easily reacts with the copper base alloy of the 
electrode due to the heat of welding and might deteriorate the electrode life. If this problem can be solved, the plated 
steel sheet of the present invention can be regarded as a material having all of the characteristics of excellent formabil- 
ity, corrosion resistance and weldability. 

45 The present invention improves spot weldability and seam weldability by depositing the organic-inorganic compos- 

ite film containing at least one of chromium, silicon, phosphorus and manganese in the deposition quantity of 0.01 to 
2.0 g/m 2 on the metal plating described above. 

Preferred examples of the base resin for the organic resin film are acrylic, polyester and epoxy resins that have 
excellent adhesion with the metal. These resins are used as a solvent type or a water soluble type and in the form of 

so the organic-inorganic composite resin containing at least one of chromium, silicon, phosphorus and manganese com- 
pounds. 

The chromium compound is added in the form of chromic acid or a chromate so as to improve the rust-proofing 
function. The silicon compound is added as silicon oxides or silicon fluorides so as to improve the film characteristics. 
The phosphorus compound is added as organic or inorganic phosphoric acids or phosphates to improve adhesion, cor- 
55 rosion resistance and weldability of the film. The manganese compound is added so as to primarily improve the rust- 
proofing function in the same way as the chromium compound. 

The mixing ratio of these compounds with the resin is not particularly limited, but when the improvement in welda- 
bility is the main object, the mixing ratio of the organic resin is not greater than 80% (in terms of the weight ratio) and 
preferably, not greater than 50%. 
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The adhesion quantity is within the range of 0.01 to 2.0 g/m 2 as the total weight and preferably, within the range of 
0.02 to 0.50 g/m 2 . The lower limit value of 0.001 g/m 2 represents the limit at which the improvement in the corrosion 
resistance and weldability can be observed, and the upper limit value of 2.0 g/m 2 represents the limit of the occurrence 
of sputter due to local abnormal exothermy at the time of welding. 

5 Next, the production condition for obtaining the Zn-Sn alloy plated layer as the object of the present invention will 

be described. The production method of molten plating can be broadly classified into a flux plating method and a plating 
method by annealing, and the plating method by annealing can be further divided into an oxidation/reduction method 
and a total reduction method. Since all of these methods activate the surface before plating, they can be applied to the 
alloy plating system according to the present invention. Hereinafter, the present invention will be described in detail for 

io the flux; method and the oxidation/reduction method. The production method according to the present invention com- 
prisesthe steps of applying nickel or Ni-Fe type pre-plating to an annealed steel sheet to 0.1 to 3.0 g/m 2 per surface in 
terms of the nickel content, applying then a flux containing hydrochloric acid in 2 to 45 wt% calculated as chlorine, con- 
ducting plating by immersing the steel sheet into a plating bath consisting of 40 to 99 wt% of tin and the balance of lead 
and unavoidable impurities at a bath temperature of (melting point + 20°C) to (melting point + 300°C) for less than 15 

15 seconds, and cooling the plated sheet at a cooling rate of at least 10 °C/sec. 

The present invention provides also a production method of a Zn-Sn alloy plated steel sheet comprising the steps 
of applying Ni or Ni-Fe type pre-plating to an annealed steel sheet in a nickel content of 0.1 to 3.0 g/m 2 per surface, 
conducting a plating pre-treatment in a non-oxidizing furnace at a maximum sheet temperature of 350 to 650°C, an air 
ratio of 0.85 to 1 .30, a maximum sheet temperature in a reducing furnace of 600 to 770°C, a ratio of retention time in 

20 the non-oxidizing furnace to retention time in the reducing furnace of 1 to 1/3, and an outlet dew point of not higher than 
-20°C at the outlet of the reducing furnace, adjusting the sheet temperature immediately before plating to almost the 
bath temperature, carrying out plating by immersing the steel sheet in a bath consisting of 40 to 99 wt% of tin and the 
balance of zinc and unavoidable impurities at a bath temperature of (melting point + 20°C) to (melting point + 300°C) 
for less than 6 seconds, and cooling the plated steel sheet at a cooling rate of at least 10 °C/sec. Alternatively, the 

25 present invention provides a production method of a Zn-Sn alloy plated steel sheet comprising the steps of conducting 
pre-plating treatment for a cold-rolled steel sheet at a maximum sheet temperature in a non-oxidizing furnace of 450 to 
750°C, an air ratio of 0.85 to 1 .30, a maximum sheet temperature in a reducing furnace of 680 to 850°C. a ratio of reten- 
tion time in the non-oxidizing furnace to retention time in the reducing furnace of 1 to 1/3, and an outlet dew point of not 
higher than -25°C at the outlet of the reducing furnace, adjusting the sheet temperature immediately before plating to 

30 almost the bath temperature, carrying out plating by immersing the plated steel sheet into a bath comprising 40 to 99 
wt% of tin and the balance of zinc and unavoidable impurities at a bath temperature of (melting point + 20°C) to (melting 
point +.300°C) for less than 6 seconds, and cooling the plated steel sheet at a cooling rate of at least 10 °C/sec. 

In Zn-Sn plating, wettability drops with an increasing content of zinc in tin and because wettability is low near the 
eutectic point of the zinc content of 8.8 wt%, wettability of the steel sheet and the Zn-Sn alloy plating bath must be 

35 increased. In order to improve wettability, it is necessary to elevate the bath temperature, to retard the sheet passing 
rate and to carry out pre-treatment for activating the sheet surface. Among them, the pre-treatment for activating the 
steel sheet surface is particularly important. 

Pre-plating, the kind of the flux and plating condition are important factors for the pre-treatment. In pre-plating, Ni 
or a Ni-Fe type pre-plating provides an extremely great wetting effect in combination with the Zn-Sn alloy plating bath. 

40 However, plating is possible without pre-plating if the kind of flux, the plating conditions, etc., are controlled. As to the 
deposition quantity, platability is not sufficient if it is less than 0.1 g/m 2 in terms of the nickel content, so that the wetta- 
bility improving effect is small. If the deposition quantity exceeds 3.0 g/m 2 , wettability reaches saturation, and a thick 
alloy layer is formed on the boundary between the plating layer and the steel, so that adhesion of the plating drops when 
the steel sheet is shaped into a tank. Therefore, the plating quantity is limited to 0.1 to 3.0 g/m 2 in terms of the nickel 

45 content. 

As to the flux, those fluxes which contain chlorine ions such as ZnC/? 2 . HC/, etc., are found effective for improving 
wettability. If the chlorine conversion quantity of the flux is less than 2 wt%, solubility of the oxide film on the surface of 
the to-be-plated material is so low that the improving effect of wettability is low. If it exceeds 45 wt% and the concentra- 
tion is high, the effect reaches saturation, and the quantity of the use of the chemical becomes uneconomical^ high. 
so When preferably at least 0.1% of HCi is added in this case, the oxide film on the surface of the to-be-plated material 
becomes likely to be dissolved and wettability can be further improved. Therefore, 2 to 45 wt% of the flux, calculated as 
chlorine, containing hydrochloric acid is applied. 

The application range of the bath temperature is considerably broad, but a higher bath temperature is more prefer- 
able for wettability. Reactivity is low when the bath temperature is less than (melting point + 20°C), and inferior plating 
55 and adhesion defects are likely to occur. If the bath temperature is higher than (melting point + 300°C), on the other 
hand, wettability reaches saturation and the plating is likely to flow, so that defects in the appearance are likely to occur. 
Therefore, the bath temperature is limited to (melting point + 20°C) to (melting point + 300°C). 

The immersion time in the bath is associated with the degree of reactivity between the plating bath and the steel, 
and a longer immersion time is more advantageous for securing the corrosion resistance because the alloy layer 
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becomes thicker. However, because plating adhesion drops at the time of forming, on the contrary, the alloy layer must 
be made as thin as possible for the fuel tank. Therefore, the alloy layer is preferably thin to such an extent that plating 
adhesion can be secured, and the upper limit of the immersion time is set to less than 15 seconds. 

As to the bath components, when the zinc content is greater than 60 wt%, the corrosion resistance, inside the fuel 
5 tank, for example to degraded gasoline, and solderability might be insufficient in consideration of the corrosion resist- 
ance of the inner and outer surfaces of the fuel tank, plating adhesion at the time of forming, solderability and weldabil- 
ity. If the zinc content is less than 1 wt%, the corrosion resistance of the tank outer surface might be insufficient because 
the zinc content is small. Therefore, the bath is limited to 40 to 99 wt% of tin and the balance of zinc and unavoidable 
impurities. 

io As to the cooling rate, when the zinc content in the plating bath is greater than 8.8 wt% as shown in Fig. 1(a), 
coarse zinc crystals precipitate during the cooling process after plating if the cooling rate is less than 10 °C/seconds. 
Therefore, cracks of the plating layer at the time of forming and local corrosion of the tank inner/outer surfaces due to 
preferential corrosion of the coarse zinc crystals might occur. 

Depending on the cooling rate, further, the spangles consisting principally of tin can grow. If the major diameter of 
is the spangle is greater than 20 mm, the spangle functions as the starting point of the occurrence of cracks at the time 
of forming, and the major diameter must be limited to not greater than 20 mm. To accomplish this object, the cooling 
rate must be set to at least 1 0 °C/sec. 

When the zinc content is greater than 8.8 wt%, the cooling rate is preferably limited to at least 20 °C/sec. 
Furthermore, the present invention stipulates the pre-plating conditions and the furnace operation conditions as the 
20 pre-treatment method, and its concrete methods are as follows. 

(1) A production method of a Zn-Sn alloy plated steel sheet comprising the steps of applying Ni or Ni-Fe type pre- 
plating to an annealed steel sheet in a plating quantity of 0.1 to 3.0 g/m 2 in terms of the nickel content, carrying out 
plating pre-treatment inside a non-oxidizing furnace at a maximum sheet temperature of 350 to 650°C, an air ratio 

25 of 0.85 to 1.30, a ratio of retention time inside the non-oxidizing furnace to retention time in a reducing furnace of 

1 to 1/3 and an outlet dew point of the reducing furnace of not higher than -20°C, immersing the steel sheet in a 
plating bath comprising 40 to 99 wt% of tin and the balance of zinc and unavoidable impurities at a bath tempera- 
ture of (melting point + 20°C) to (melting point of 300°C) of the plating bath metal for an immersion time of less than 
6 seconds after the sheet temperature immediately before plating is adjusted to almost the bath temperature, and 

30 cooling the steel sheet so plated at a cooling rate of at least 10 °C/sec. 

(2) A production method of a Zn-Sn alloy plated steel sheet comprising the steps of carrying out plating pre-treat- 
ment for a cold-rolled steel sheet at a maximum sheet temperature of 450 to 750°C inside a non-oxidizing furnace, 
an air ratio of 0.85 to 1.30, a maximum sheet temperature of 680 to 850°C inside a reducing furnace, a ratio of 
retention time inside the non-oxidizing furnace to retention time in the reducing furnace of 1 to 1/3 and a reducing 

35 furnace outlet dew point of not higher than -25°C, carrying out plating by immersing the steel sheet, after the sheet 
temperature immediately before plating is adjusted to almost the bath temperature, into a plating bath comprising 
40 to 99 wt% of tin and the balance of tin and unavoidable impurities at a bath temperature of (melting point + 20°C) 
to (melting point + 300°C) of the plating metal for an immersion time of less than 6 seconds, and then cooling the 
steel sheet at a cooling rate of at least 10 °C/sec. 

40 

As the pre-treatment method, pre-plating and the furnace operating conditions influence to the pre-treatment. 
Since Ni or a Ni-Fe type of pre-plating easily forms an alloy consisting principally of iron, nickel, tin and zinc in the com- 
bination with the Zn-Sn alloy plating bath, the wettability improving effect is extremely great. Since platability is not suf- 
ficient if the deposition quantity is less than 0.1 g/m 2 in terms of the nickel content, the wettability improving effect is 

45 small. When the deposition quantity exceeds 3.0 g/m 2 , wettability reaches saturation and at the same time, a thick alloy 
layer is formed on the boundary surface of the steel with the plating layer, so that adhesion of plating when the steel 
sheet is shaped into the tank drops. Therefore, the pre-plating quantity is limited to 0.1 to 3.0 g/m 2 

Because the pre-plating metal of the pre-plating material is subjected to high temperature, the furnace operating 
conditions must be chosen so that large quantities of the pre-plating metal are diffused into the steel and the pre-plating 

50 quantity on the outermost surface drops remarkably, thereby lowering the wettability with the original object bath. There- 
fore, the furnace operating conditions must be set so that the diffusion quantity of the pre-plating metal into the steel 
can be restricted and reactivity in the Zn-Sn type bath can be secured. The non-oxidizing furnace temperature, the air 
ratio, the reducing furnace temperature, the ratio of the non-oxidizing furnace temperature to the reducing furnace 
retention time and the dew point have a close mutual correlation. Therefore, it is necessary to set them to the optimum 

55 conditions so that the surface conditions of the plating raw sheet when it enters the plating bath remain in the state in 
which the oxide film is partially left, or in the state in which the surface of the oxide film is active even though the oxide 
film remains, so as to improve wettability in the Zn-Sn plating bath having extremely low reactivity. 

The non-oxidizing furnace temperature affects the thickness of the resulting oxide film in the furnace and the max- 
imum attainable temperature of the sheet. If this temperature is less than 350°C, the thickness of the resulting oxide film 



10 



3NSDOCID: <EP 0763608A1__L> 



EP 0 763 608 A1 



is small but the maximum attainable temperature of the sheet becomes low, too. In consequence, reduction becomes 
insufficient and reactivity with the bath lowers, too. When the furnace temperature exceeds 650°C, the maximum attain- 
able temperature becomes high, too, and diffusion of the pre-plating metal into the steel might occur. Therefore, the 
maximum sheet temperature in the non-oxidizing furnace is limited to 350 to 650°C. The air ratio is a ratio of the quantity 
of air used to the quantity of a stoichiometric combustion air, and affects the thickness of the oxide film and its quality. 
Since special steels containing large quantities of chromium, etc., such as stainless steels are not hereby considered, 
the thickness of the iron and nickel type oxide films formed in the non-oxidizing furnace are mainly adjusted. Within the 
range of the air ratio of 0.85 to 1 .30, a good balance can be attained with the following reducing furnace conditions, and 
the surface of the plating original sheet after passing through the reducing furnace is in the optimum state for securing 
wettability with the original plating bath. 

The reducing furnace temperature influence wettability and material secured by the reduction of the oxide film 
formed in the non-oxidizing furnace. Since the present invention uses annealed material, however, the material is 
secured, and only wettability needs to be secured. If the reducing furnace temperature is less than 600°C, the reduction 
is not sufficient and a considerable quantity of the oxide film remains, so that the surface is inactive and reactivity with 
the bath cannot be sufficiently secured. If the temperature exceeds 770°C, diffusion of the pre-plating metal into the 
steel is likely to occur, and the excessive reaction by the pre-plating metal might occur. Therefore, the maximum sheet 
temperature in the reducing furnace is set to 600 to 770°C. 

The time ratio of the retention time in the non-oxidizing furnace to the retention time in the reducing furnace governs 
whether the oxide film formed in the non-oxidizing furnace can be sufficiently reduced in the reducing furnace. When 
the ratio is smaller than 1/3, the reducing time is long enough that iron and nickel type oxides on the surface of the 
plated sheet are sufficiently reduced and the surface can be activated. However, the retention time in the reducing fur- 
nace is also so long that diffusion of the pre-plating metal into the steel might occur. When the ratio is greater than 1 , 
the oxide film formed in the non-oxidizing film cannot be sufficiently reduced and activated, so that a reduction in wet- 
tability might occur. Therefore, the ratio of the non-oxidizing furnace retention time to the reducing furnace retention 
time is set to 1/3 to 1. 

The dew point inside the reducing furnace is important in determining whether the atmosphere can reduce the 
oxide film, and the atmosphere must be capable of reducing the iron and nickel type oxides. Though the iron and nickel 
type oxide films are more reducible than an iron type oxide film, the film cannot be reduced sufficiently when the dew 
point at the outlet of the reducing furnace is higher than -20°C even when attempts are made to obtain the optimum 
combination with the furnace operating condition. In consequence, large quantities of the oxide films remain and wet- 
tability cannot be secured sufficiently. Therefore, the dew point at the outlet of the reducing furnace is set to not higher 
than -20°C. Though hydrogen in the reducing furnace is essentially necessary for the reduction, large quantities of 
hydrogen need not be introduced, and about 5 to about 20% of hydrogen in terms of the reducing furnace outlet con- 
centration is preferred. 

Next, the furnace-operating condition when cold-rolled sheets are used as the raw sheet will be explained. Cold- 
rolled sheets are annealed to secure a formable material characteristics and at the same time, to secure excellent wet- 
tability in the plating bath. If the non-oxidizing furnace temperature is less than 450°C, the maximum attainable sheet 
temperature in the-reducing furnace becomes low and recrystallization does not proceed sufficiently, so that it would be 
difficult to secure sufficient quality. If it exceeds 750°C, the maximum sheet temperature in the reducing furnace 
becomes excessively high, and deterioration of the material property due to coarsening of the crystal grains and 
reduced wettability due to surface enrichment of the tin oxide in the steel might occur. Further, large quantities of oxide 
films are formed on the surface of the plated sheet while it passes through the non-oxidizing furnace and exerts adverse 
influence on the wettability. Therefore, the maximum sheet temperature in- the non-oxidizing furnace is set to 450 to 
750°C. On the other hand, if the reducing furnace temperature is less than 680°C, the oxide film remains to a consid- 
erable extent, and activity becomes insufficient In consequence, reactivity with the bath cannot be secured and recrys- 
tallization does not proceed sufficiently, either, so that the quality becomes inferior. 

When the temperature exceeds 850°C, deterioration of the material due to coarsening of the crystal grains and the 
reduced wettability due to surface enrichment of the tin oxide in the steel might occur. Therefore, the maximum sheet 
temperature in the reducing furnace is limited to 680 to 850°C. Since the dew point inside the reducing furnace estab- 
lishes the atmosphere capable of reducing the iron type oxides formed in the non-oxidizing furnace, the dew point must 
be further lowered than that of the iron and nickel type oxide films having high reducibility. Therefore, the dew point at 
the outlet of the reducing furnace is set to not higher than -25°C. 

Next, the bath components will be explained. When the zinc content is greater than 60 wt%, the corrosion resist- 
ance inside the fuel tank due to degraded gasoline, etc., and solderability, might decrease in consideration of the cor- 
rosion resistance of the inner and outer surfaces of the fuel tank, adhesion of plating at the time of forming, solderability, 
weldabiiity, and other fundamental performance requirements for the gasoline tank. When the zinc content is less than 
1 wt%, a drop in the corrosion resistance of the outer surface of the tank might occur because the zinc content is too 
small. Therefore, the bath components are limited to a composition consisting of 40 to 99 wt% of tin and the balance of 
zinc and unavoidable impurities. 
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The bath temperature has a considerably broad range, but a higher bath temperature is more advantageous for 
wettability. When the bath temperature is less then (melting point + 20°C) of the metal in the plating bath, reactivity is 
so low that inferior plating and inferior adhesion of plating are likely to occur and at the same time, the fluidity of the bath 
will be so low that appearance defect are likely to occur. When the bath temperature exceeds, (melting point + 300°C), 
5 wettability reaches saturation and the alloy layer formed inside the bath becomes thick, or plating is likely to flow and 
lead to appearance defects. Therefore, the plating bath temperature is limited to (melting point + 20°C) to (melting point 
+ 300°C) of the metal in the plating bath. 

The immersion time in the bath is associated with the degree of reactivity of the plating bath and the plating raw 
sheet. In the production method according to the present invention, it is believed that the oxide film hardly exists on the 
10 surface of the raw sheet immediately before entering the plating bath, or only a slight amount of an extremely active 
oxide film remains, and the film is not partially formed state, and this state provides reactivity with tin-zinc. When the 
immersion time is long, the resulting alloy layer becomes thick and a longer immersion time is more advantageous for 
securing the corrosion resistance. However, since a thick alloy layer leads to reduced adhesion of the plating at the time 
of forming, the alloy layer must be made as thin as possible for the fuel tank applications. Therefore, the alloy layer is 
is preferably thin sufficiently thin to secure adhesion of plating, and the upper limit of the immersion time is limited to less 
than 6 seconds in consideration of the surface condition of the active plating raw sheet. 

Next, the cooling rate will be explained. When the zinc content in the plating bath is greater than 8.8 wt%, coarse 
zinc crystals precipitate in the subsequent cooling process when the cooling rate is less than 10 °C/sec. Therefore, plat- 
ing cracks at the time of machining and local corrosion of the tank inner and outer surfaces might occur due to prefer- 
20 ential corrosion of the coarse zinc crystals. Depending on the cooling rate, further, the spangle consisting principally of 
tin grows. When the major diameter of spangle exceeds 20 mm, the spangle functions as the starting point of the occur- 
rence of cracks at the time of machining, and the major diameter must be limited to not greater than 20 mm. For this 
purpose it is necessary to limit the cooling rate to at least 10 °C/sec. When the zinc content is greater than 8.8 wt%, the 
cooling rate is preferably at least 20 °C/sec. 

25 

EXAMPLE? 

The material property characteristics of the rust-proofing steel sheet for the fuel tank according to the present 
invention will be represented by Examples. 

30 

(Example 1) 

The material of the present invention was produced by degreasing and pickling an annealed low carbon steel, then 
effecting Ni pre-plating and Fe-Ni pre-plating or continuous hot-dip plating by a flux method without effecting pre-ptating 
35 to adjust the plating quantity and further cooling the material. Table 1 tabulates the inner and outer surface corrosion 
resistances of the resulting materials of this invention and their solderability. 

(1) Inner surface corrosion resistance: 

40 The inner surface corrosion resistance was evaluated by using the samples having the following shapes and the 
following test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust 
and red change occurred from the base and remarkable discoloration occurred due to the influence of the melting of 
the plating layer. 

45 

(Inner surface evaluation method) 

Cup draw forming was conducted, and a test was carried out for one month at 45°C by charging fuel into the cup. 
The appearance of the inner surface of the sample and the corrosion state of the base were evaluated. 
50 * Cup drawing conditions: punch diameter 30 mm0, blank diameter 60 mm0, drawing depth 1 5 mm. 
Corrosion test solution: deteriorated gasoline, 100X diluted solution 4.5 cc + distilled water 0.5 cc. 

(2) Outer surface corrosion resistance: 

55 The outer surface corrosion resistance was evaluated by using the samples having the following shapes and the 
following test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, red rust and red change occurred from the base and remarkable discoloration occurred 
due to the influence of the melting of the plating layer in the comparative materials, and their corrosion resistance was 
not excellent. 
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(Outer surface evaluation method) 

* Cup draw forming was conducted, and each sample was placed horizontally so that brine could be sprayed onto 
the outer surface. The appearance and the corrosion state of the base one month after the spraying were evalu- 
s ated. 

Cup drawing conditions: punch diameter 30 mm0, blank diameter 60 mm0, drawing depth 15 mm. 
Brine spray conditions: 5% sodium chloride solution, 50°C. 
io (3) Solderability: 

Solder spreadability was evaluated under the following test conditions. As a result, the materials of the present 
invention exhibited results equivalent or superior to those of existing Pb-Sn plated steel sheets. On the other hand, sol- 
derability of the comparative materials was not good because they were samples having high zinc contents. 

75 

(Solderability evaluation method) 

Each flat sheet sample was degreased with toluene. After a small amount of a flux was applied, a predetermined 
quantity of solder was applied. Thereafter, each sample was floated in a lead bath for a predetermined time, and 
20 was then pulled out so as to measure the solder spreading area. 

Test condition: solder/Pb-40% Sn (250 mg), flux/13% rosin - isopropyl alcohol, lead bath/sample was floated at 
280°C for 30 seconds and was then pulled up. 
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(Example 2) 

The materials of the present invention were produced by degreasing and pickling an annealed low carbon steel, 
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then effecting nickel pre-plating or Fe-Ni pre-plating or continuous hot-dip plating by a flux method without effecting pre- 
plating to adjust the plating quantity, further cooling the materials and thereafter conducting chromate treatment. Table 
2 tabulates the inner and outer surface corrosion resistances of the resulting materials of this invention and their sol- 
derability (each test condition being the same as that of Example 1). 

5 

(1) Inner surface corrosion resistance: 

The inner surface corrosion resistance was evaluated by using samples having the following shapes and the follow- 
ing test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from the 
io base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust and 
red change occurred from the base and remarkable discoloration occurred due to the influences of the melting of the 
plating layer. 

(2) Outer surface corrosion resistance: 

15 

The outer surface corrosion resistance was evaluated by using samples having the following shapes and the fol- 
lowing test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, red rust and red change occurred from the base and remarkable discoloration occurred 
due to the influence of the melting of the plating layer in the comparative materials, and their corrosion resistance was 
20 not excellent. 

(3) Solderability: 

Solder spreadability was evaluated under the following test conditions. As a result, the materials of the present 
25 invention exhibited results equivalent or superior to those of existing Pb-Sn plated steel sheets. On the other hand, the 
solderability of the comparative materials was not good because of their large zinc film contents. 
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(Example 3) 

The materials of the present invention were producing by degreasing and pickling pickled hot-rolled sheets or cold- 
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rolled sheets and then effecting Ni pre-plating or Fe-Ni pre-piating, or by heat-treating pickled hot-rolled sheets or cold- 
rolled sheets as such inside a furnace having a non-oxidizing furnace, a reducing furnace, etc., and thereafter carrying 
out hot-dip plating, adjusting a plating quantity, and cooling. 

Table 3 tabulates the inner and outer surface corrosion resistance and solderability of the resulting materials of the 
present invention (with each test condition being the same as that of Example 1). 

(1) Inner surface corrosion resistance: 

The inner surface corrosion resistance was evaluated by using the samples having the following shapes and the 
following test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust 
and red change occurred from the base and remarkable discoloration occurred due to the influence of the melting of 
the plating layer. 

(2) Outer surface corrosion resistance: 

The outer surface corrosion resistance was evaluated by using the samples having the following shapes and the 
following test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, red rust and red change occurred from the base and remarkable discoloration occurred 
due to the influence of the melting of the plating layer in the comparative materials, and their corrosion resistance was 
not excellent. 

(3) Solderability: 

Solder spreadability was evaluated under the following test conditions. As a result, the materials of the present 
invention exhibited results equivalent or superior to those of existing Pb-Sn plated steel sheets. On the other hand, sol- 
derability of the comparative materials was not good because of their large zinc contents. 
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(Example 4) 

The materials of the present invention were produced by degreasing and pickling pickled hot-rolled sheets or cold- 
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rolled sheets and then effecting Ni pre-plating or Fe-Ni pre-plating, or by heat-treating pickled hot-rolled sheets or cold- 
rolled sheets as such inside a furnace having a non-oxidizing furnace, a reducing furnace, etc., and thereafter carrying 
out hot-dip plating, adjusting the plating quantity, and cooling. 

Table 4 tabulates the inner and outer surface corrosion resistance and solderability of the resulting materials of the 
5 present invention. 

(1) Inner surface corrosion resistance: 

The inner surface corrosion resistance was evaluated by using samples having the following shapes and thefollow- 
io ing test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from the 
base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust and 
red change occurred from the base and remarkable discoloration occurred due to the influence of the melting of the 
plating layer. 

75 (2) Outer surface corrosion resistance: 

The outer surface corrosion resistance was evaluated by using samples having the following shapes and the fol- 
lowing test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, red rust and red change occurred from the base and remarkable discoloration occurred 
20 due to the influence of the melting of the plating layer in the comparative materials, and their corrosion resistance was 
not excellent. 

(3) Solderability: 

25 Solder spreadability was evaluated under the following test conditions. As a result, the materials of the present 

invention exhibited results equivalent or superior to those of existing Pb-Sn plated steel sheets. On the other hand, the 
solderability of the comparative materials was not good because of their large chromate film contents. 
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(Example 5) 

The materials of the present invention were produced by degreasing and pickling an annealed low carbon steel, 
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then effecting Ni pre-plating and Fe-Ni pre-plating or continuous hot-dip plating by a flux method without effecting pre- 
plating, variously adjusting the line speed and flux conditions, further adjusting the plating quantity, and cooling the 
materials. Furthermore, the surface coarseness of the materials was adjusted by the roll coarseness at the time of skin 
pass rolling and the reduction force. Table 5 tabulates formabiiity of the resulting materials of the present invention and 
5 their inner surface corrosion resistance. 

(1) Formabiiity: 

Press forming was carried out under the following test conditions, and formabiiity and adhesion of plating after 
io forming were evaluated. As a result, the materials of the present invention exhibited results equivalent or superior to 
those of existing Pb-Sn plated steel sheets. On the other hand, cracks and peel of plating occurred in the comparative 
materials depending on the. formabiiity and lubricating property of the alloy layer and the plating layer. 

After a rust-proofing oil was applied to the flat sheet sample, crank pressing was carried out by changing the form- 
75 ing depth, and the maximum forming depth at which forming could be made and did not lead to peeling of the plat- 
ing was determined. 
Test conditions: 

Die shoulder radius/3.5 mm, die corner radius/10 mm, punch shoulder radius/3 mm, punch size/70 x 70 mm, 
press force 110 tons. 
20 * Plating peel evaluation: 

Both the outside and inside of a corner side wall after forming were carefully taped, and the existence of 
peeling of the plating, if any, was inspected by eye. 
Judgement method: 

Evaluation was according to the depth at which forming was possible without peeling of the plating. 

25 

® : greater than 30 mm. 

a: less than 30 mm to greater than 25 mm, 

X: less than 25 mm 

30 (2) Inner surface corrosion resistance of formed materials: 

The inner surface corrosion resistance was evaluated by using samples having the following shapes and the follow- 
ing test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from the 
base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust and 
35 red change occurred from the base and remarkable discoloration occurred due to the influence of the melting of the 
plating layer. 

(Method of evaluating inner surface corrosion resistance). 

40 * Cup draw forming was conducted, and a test was carried out for one month at 45 W C by charging fuel into, the cup. 
Appearance of the inner surface wall of the samples and the corrosion state of the base were evaluated. However, 
a rust-proofing oil was used at the time of drawing the cup, and degreasing was sufficiently carried out with toluene 
before the corrosion resistance test. 
Cut drawing conditions: 

45 Punch diameter 28.5 mm0, blank diameter 60 mm0, drawing depth 22 mm. 

Corrosion test solution: 1 0X diluted solution of deteriorated gasoline 6.3 cc + distilled water 0.7 cc. 
Judgement method: 

©: no remarkable change in appearance 

so a: remarkable change in appearance 

X: rust from the base 
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(Example 6) 

The materials of the present invention were produced by degreasing and pickling pickled hot-rolled sheets or cold- 
rolled sheets and then effecting Ni pre-plating or Fe-Ni pre-plating, or by heat-treating pickled hot-rolled sheets or cold- 
rolled sheets as such inside a furnace having a non-oxidizing furnace, a reducing furnace, etc., carrying out thereafter 
hot-dip plating, adjusting the plating quantity, further cooling the materials, adjusting the surface coarseness by the roll 
coarseness and a reduction ratio at the time of pressure governing, and further carrying out chromate treatment. Table 
6 tabulates the formability characteristics of the resulting materials of the present invention and their inner surface cor- 
rosion resistance. Each test condition was the same as that of Example 5. 

(1) Formability: 

Press forming was carried out under the following test conditions, and formability and adhesion of plating after 
forming were evaluated. As a result, the materials of the present invention exhibited results equivalent or superior to 
those of existing lead-tin plated steel sheets. On the other hand, cracks and peeling of the plating occurred in the com- 
parative materials depending on formability and lubricating property of the alloy layer and the plating layer. 

(2) Inner corrosion resistance of formed materials: 

The inner surface corrosion resistance was evaluated by using samples having the following shapes and the follow- 
ing test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from the 
base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust and 
red change occurred from the base and remarkable discoloration occurred due to the influence of the melting of the 
plating layer. 
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(Example 7) 

The materials of the present invention were produced by degreasing and pickling the annealed steels shown in 
Table 7, effecting Ni plating or Fe-Ni plating, or continuous hot-dip plating by a flux method without effecting pre-plating, 
5 adjusting the plating quantity, and cooling the materials. Chromate treatment was applied to a part of the materials. 

Table 7 tabulates the inner corrosion resistance, the outer surface corrosion resistance, sotderability and formability 
of the resulting materials of the present invention. 

(1) Inner surface corrosion resistance: 

w 

The inner surface corrosion resistance was evaluated by using the samples having the following shapes and the 
following test condition. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust 
and red change occurred from the base and remarkable discoloration occurred due to the influence of the melting of 
is the plating layer. 

(Inner surface evaluation method) 

Cup draw forming was conducted, and a test was carried out for one month at 45°C by charging fuel into the cup. 
20 The appearance of the inner surface of the samples and the corrosion state of the base were evaluated. 
Cup drawing conditions: 

Punch diameter 28.5 mm0, blank diameter 60 mm0, drawing depth 18 mm. 
Corrosion test solution: 100X diluted solution of deteriorated gasoline 4.5 cc + distilled water 0.5 cc. 

25 (2) Outer surface corrosion resistance: 

The outer surface corrosion resistance was evaluated by using the samples having the following shapes and the 
following test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust 
30 and red change occurred from the base and remarkable discoloration occurred due to the influence of the melting of 
the plating layer. 

(Outer surface evaluation method) 

35 * Cup draw forming was conducted, and each sample was placed horizontally so that brine could be sprayed onto 
the outer surface. The appearance and the corrosion state of the base one month after the spraying were evalu- 
ated. 

Cup drawing conditions: 

Punch diameter 28.5 mrn0, blank diameter 60 mm0, drawing depth 18 mm. 
40 * Brine spray conditions: 5% sodium chloride solution, 50°C. 

(3) Solderability: 

Solder spreadability was evaluated under the following test conditions. As a result, the materials of the present 
45 invention exhibited results equivalent or superior to those of existing Pb-Sn steel sheets. On the other hand, solderabil- 
ity of the comparative materials was not good because of their large zinc contents. 

(Method of evaluating solderability) 

so Each flat sheet sample was degreased with toluene. After a small amount of a flux was applied, a predetermined 

quantity of solder was applied. Thereafter, each sample was floated in a lead bath for a predetermined time, and was 
then pulled out so as to measure the solder spreading area. 

Test conditions: 

55 Solder/lead - 40% tin (250 mg), flux/13% rosin - isopropyl alcohol, lead bath/sample was floated at 280°C 

for 30 seconds and was then removed. 
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(4) Press formability: 



Press forming was carried out under the following test conditions, and press formability and adhesion of plating 
after forming were evaluated. As a result, the materials of the present invention exhibited good results equivalent or 
5 superior to those of existing Pb-Sn plated steel sheets. On the other hand, cracks and peeling of the plating occurred 
in the comparative materials depending on the steel component system, the alloy layer, the'thickness of the plating layer 
and the plating composition. 



(Press formability) 

10 

After lubricating oil was applied to each flat sheet sample, drawing was carried out by variously changing blank 
diameters, and a maximum diameter at which drawing could be made and peeling of the plating did not occur were 
determined. 
Test conditions: 

75 * Press conditions: Punch diameter 25 mm, crease push force 500 kg. 

Peeling of the plating: The outer wall of the side surface after forming was taped, and peeling of the plating, if any, 
was inspected by eye. 
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(Example 8) 

The materials of the present invention were produced by degreasing and pickling the annealed steel sheets shown 
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in Table 8, effecting Ni plating or Fe-Ni plating, or continuous hot-dip plating by a flux method without effecting pre-plat- 
ing, adjusting the plating quantity, and cooling the materials. Chromate treatment was applied to a part of the materials. 

Table 8 tabulates the inner surface corrosion resistance, the outer surface corrosion resistance, severability and 
press formability of the resulting materials of the present invention (with the test conditions being the same as those of 
Example 7). 

(1) Inner surface corrosion resistance: 

The inner surface corrosion resistance was evaluated by using the samples having the following shapes and the 
following test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust 
and red change occurred from the base and remarkable discoloration occurred due to the influence of the melting of 
the plating layer. 

(2) Outer surface corrosion resistance: 

The outer surface corrosion resistance was evaluated by using samples having the following shapes and the fol- 
lowing test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, red rust and red change occurred from the base and remarkable discoloration occurred 
due to the influence of the melting of the plating layer in the comparative materials, and their corrosion resistance was 
not excellent. 

(3) Solderability: 

Solder spreadability was evaluated under the following test conditions. As a result, the materials of the present 
. invention exhibited results equivalent or superior to those of existing Pb-Sn plated steel sheets. On the other hand, the 
solderability of the comparative materials was not good because of their large zinc contents. 

(4) Press formability: 

Press forming was carried out under the following conditions, and press formability and adhesion of plating after 
forming were evaluated. As a result, the materials of the present invention exhibited the excellent result equivalent or 
superior to existing Pb-Sn plated steel sheets. 

On the other hand, cracks and peeling of the plating occurred in the comparative materials depending on the steel 
component systems, the alloy layers, the thickness of the plating layer and the plating compositions. 



0763608A1 I > 



29 



EP 0 763 608 A1 



o 
O 



o 
o 



ro 
O 
O 



O 
O 



in 

o 
o 



PQ 



CM 

o 
o 



O 
o 
o 



m 
o 
o 
o 



70 



75 



0 



25 



CN 

o 



wo 
o 



wo 
o 



o 



cn 
O 



CN 
ro 
O 



oo 
O 



20 



25 



30 



CO 



C 

o 

•H 
-M 
•H 
V) 
O 

e 
o 
o 

c 

0) 

c 
o 
cu 
e 
o 

CJ 



m 
o 



LO 

o 



CN 
O 



LO 



CO 



O 

O 

O 
CN 

o 



CO 



in 
o 



o 

o 

r- 
rn 
o 



CN 



00 



(N 



O 



o 
ro 
O 

O 

in 



o 



oo 
o 
o 



rn 
m 
o 



35 



m 
o 



o 



m 
O 
o 



CN 

o 
o 



o 
o 



40 



45 



O 



c 

o 

•H 
4J 
U 
Q) 



LO 



c 
o 

W Q) 
•H > 

x: c 



Q) 
> 

f0 U 
Or 0) 

o * 



50 



55 



30 



EP 0 763 608 A1 



10 



15 



20 



25 



30 



35 



40 



TJ 
QJ 

C 

•H 

C 

o 
u 



oo 
CD 

r-J 
rQ 



45 



50 



•5 
AJ 

«0 » -H 
W E H 
(U M -H 
U O X> 


0 


© 


© 


© 


e 


X 


X 


i <r 
cO * 
U >*» 

qj *j 


e 




e 


0 


© 


X 


X 


Outer 
surface 
corrosion 
resistance* 3 


o 


© 


e 


(9 




X 


X 


Inner 
surface 
corrosion 
resistance* 3 


e 


C 


e 


e 


© 


X 


X 


rs ion 


E 








o 


CM 




cn 


CU 

> 

C J-> 
u o - 
o u cr 


oo 
6 


i 


l 


i 


m 

CM 


O 


i 


cn 

rH 


CO 

cn 


















Thickne 
of 

plating 
layer 


I 






cr> 


CM 




CM 
«tf 


oo 

CO 


No. of coarse 
Zn crystals in 
plating layer 


rs 
-* 

LO 
(VI 

O 
CO 

O 
cx 


o 


o 


<f 


O 


Ov 


VO 

co 


tn 
-» 


u oo 

c c 


















Sn 

conte 
in 

plati 
layer 


•Ml 
aJ 


GO 
C7\ 


cn 
o> 


o 


CT« 


o> 

CT> 


CO 

cn 


oo 

CM 


to 

cn >^ 


















QJ O 


1 


m 

CM 


in 

00 


O 
cn 


O 


vn 
m 


in 

CM 


o 
o\ 


Thic 
of a 
laye 




rH 


o 


i-H 


iH 


o 


rH 


eg 


Pre- 

plating 

q'ty 








o> 










T 

CM 

^E 
oo 


nil 


Ni/2.8 


jFe-Ni/2. 


nil 


Ni/2.9 


Ni/2.9 


nil 


d 
z 


r-C 


CM 


rO 




cn 


CO 




Section 


This 

Invention 


Comparative 
Materials 



DO 



0J 



00 

c 



03 
O- 



<1J 

JC 



DO 

c 



3 
O 

4J 



o 



OO 

c 



u 










AJ 






O 








0J 










QJ 






-H 








aJ 










OJ 






*J 








0J 










-C 






rO 








„ i 










CO 


























CO 












cm -H 










i— i 


QJ 




OO 








6 TJ 










OJ 


M 




e 


















a> 


CO 




•H 








oo w 










j-> 














o 










to 


OO 




3 




















a 




M 




cn 




O0 CO 




CU 






TJ 


•«H 








r~* 




5 E 




u 






QJ 


T3 


cO 














c 






aJ 


CO 


QJ 






CM 




4-» 00 




rfl 


QJ 




CO 


QJ 


M 


§ 








«« c 


4-1 


M 


U 




■ — ( 


M 


CO 


E 




4J 




-H 


t— < 


rd 


e 




PL 


CL CO 




•H 




to 




ex > 


3 


QJ 


CO 






to QJ 


OO 


X 




CO 




ctj 


to 


a. 








U 


c 


cd 




OJ 




*h x: 


CD 


a 


CO 




CO 


U CO 


-H 


B 




rH 




z 


l-i 


n) 


OJ 






0) 


T3 










1 (A 






CL 




oo 


*J oo 


CO 






AJ 




0> rH 


a 


c 


CL 




» 


fO c 


OJ 


c 




CO 




bci rtj 


o 


•H 


ca 






OJ -H 


u 


o 








*J 


-H 








ou 


m T3 


a. 


■H 




o 




M (A 


AJ 


a> 


c 






OO CO 


CO 


AJ 




aJ 




O 


CO 


OO *H 


QJ 


JC 


QJ 




fO 






CO 


tM 


3 


c 




CO 


*-» 


M M 




3 




CO 


rH 


•H (J 




CO 


QJ 


«TJ 


•M 


O Ou 


o 


—( 


cn 






z 


CO 


JZ 


OO XI 




to 


«n 


cd 




CM 


CM 


u 


> 


U 


c 










> 


CM 






c c 


CU 




CO 


E 


c 


C • s * 


c 






C 


C 


-H -H 




QJ 


x: 


o 


o 


QJ O 


CO 




*-> 


CO 


CO 


N 


QJ 


60 


o 






•H OO 




OJ 


CO 


J3 


JC 


aJ 


CJ 


M 




CM 




CO 


1-J 


o 


CO 


AJ 


AJ 


C H-l 


C 


cd 


QJ 




M 


> O 




c: 


QJ 






O) o 


CO 


< — < 


OO 


aJ 


TO 


•H *J 


CO 


rg 


-H 


to 


to 


AJ 


£ 




u 


to 


CL 


3 


CO 


E 




tn 


to 






o 


CO 


3 


e 


cr o 


OJ 


M 


*J 


OJ 


QJ 


O CU 


O 


c 




u 


o 


o> cn 


— 1 


o 


CO 


rH 


y-A 




CM 








<J 






CM 








•H ^ 


M 














M 










QJ 








C 






QJ 








Z Z 


CU, 


o 




X 


r-l 


« <i 


X 


CL 


© 


< 


X 


rH CM 


co 














cn 


















* 















55 



(Example 9) 

The materials of the present invention were produced by degreasing and pickling the annealed steels tabulated 
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Table 9, effecting Ni pre-plating and Fe-Ni pre-plating, or continuous hot-dip plating by a flux method without effecting 
pre-plating, adjusting a plating amount and further cooling the materials. Incidentally, chromate treatment was applied 
to a part of the materials. 

Table 9 tabulates the inner surface corrosion resistance, the outer surface corrosion resistance, solderability and 
5 formability of the resulting materials of the present invention. 

(1) Inner surface corrosion resistance: 

The inner surface corrosion resistance was evaluated by using the samples having the following shapes and the 
io following test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, the corrosion resistance of many comparative materials was not excellent because red 
rust and red change occurred from the base and remarkable discoloration occurred due to the influence of the melting 
of the plating layer. 

75 (Inner surface evaluation method) 

Cup draw forming was conducted, and a test was carried out for one month at 45°C by charging fuel into the cup. 
The appearance of the inner surface of the samples and the corrosion state of the base were evaluated. 
* Cup drawing conditions: 
20 Punch diameter 28.5 mm0, blank diameter 60 mm0, drawing depth 18 mm. 

Corrosion test solution: 100X diluted solution of deteriorated gasoline 4.5 cc + distilled water 0.5 cc. 

(2) Outer surface corrosion resistance: 

25 The outer surface corrosion resistance was evaluated by using samples having the following shapes and the fol- 
lowing test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust 
and red change occurred from the base and remarkable discoloration occurred due to the influence of the melting of 
the plating layer. 

30 

(Outer surface evaluation method) 

Cup draw forming was conducted, and each sample was placed horizontally so that brine could be sprayed onto 
the outer surface. The appearance and the corrosion state of the base one month after the spraying were evalu- 
35 ated. 

Cup drawing conditions: 

Punch diameter 285 mm0, blank diameter 60 mm0, drawing depth 18 mm. 
Brine spray conditions: 5% sodium chloride solution, 50°C. 

40 (3) Solderability: 

Solder spreadability was evaluated under the following test conditions. As a result, the materials of the present 
invention exhibited results equivalent or superior to those of existing Pb-Sn steel sheets. On the other hand, the sol- 
derability of the comparative materials was not good because of their large zinc contents. 

45 

(4) Press formability: 

Press forming was carried out under the following test conditions, and press formability and adhesion of plating 
after forming were evaluated. As a result, the materials of the present invention exhibited good results equivalent or 
so superior to those of existing Pb-Sn plated steel sheets. On the other hand, cracking and peeling of plating occurred in 
the comparative materials depending on the steel component system, the alloy layer, the thickness of the plating layer 
and the plating composition. 

(Press formability) 

55 

After lubricating oil was applied to each flat sheet sample, drawing was carried out by variously changing blank 
diameters, and the maximum diameter at which drawing could be carried out and peeling of the plating did not 
occur were determined. 
Test conditions: 
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Press conditions: Punch diameter 25 mm, crease push force 500 kg. 
Peeling of the plating: Outer wall of the side surface after machining was taped, and peeling of the plating, if any, 
was inspected by eye. 

5 



U 

u 



70 



20 



25 



30 



35 



AO 



XX 
Eh 



45 



SO 



Q) 

4J 



o 

-M 
•H 
w 
o 
a 

£ 
o 
u 

C 

c 
o 

s 
o 
u 



o 

2 



o 

•H 
4J 
U 
<D 
CO 



CO 



S3 



CO 



•H 
CO 



a 



cn oo 



co LO 



00 LO 



cn 
co 
O 

o 



o 
o 



in 
in 
o 



oo 
cn 
o 



co 
co 
o 



cn 
o 



m 
in 

o 
o 



cn 
o 



VO 

co 
o 
o 



no 
o 
o 
o 



rsj 
o 



vo 
o 



o 
o 



00 

o 
o 



co 
o 



m 
o 



oo 
in 



vo 
CO 

o 



CM 
VO 

o 



o 

CSJ 

o 



o 

CN 

o 



co 
o 
o 



CM 

o 



cn 
o 



vo 
cn 
o 



o 

CN 
O 



in 
o 



cn 
o 



LO 
O 

o 



LO 

vo 
o 



cn 
o 



H 
O 



CN 
i— I 
O 



cn 
cn 
o 



CN 
CD 
O 



c 
o 

•H 
C 



LO 

co 
co 
o 
o 



O 

o 
o 



vo 
co 
o 



co 
o 



CN 

o 



oo 
r- 



m 
o 



cn 
co 
o 



0) 
> 

■H LO 

U -H 

Ou (1) 

£ 4J 

O rt3 

a s 



co 

CO 

o 



vo 
in 
o 



o 

CN 
O 



m 
m 



CM 

oo 
o 



co 
o 
o 



in 
o 
o 
o 



co 
o 



o 



vo 
co 
o 



CO 
CN 

o 



CN 
O 



m 
oo 



o 

CM 
O 



CO 



55 



■SDOCID: <EP_ „O763608A1_l_> 



33 



EP 0 763 608 A1 



10 



15 



20 



25 



30 



35 



40 



n 

Q) 
3 
C 
■H 
4-> 
C 

o 
u 



0) 
.— < 



45 



50 



o w iJ 
rt O n 



3 3 O 
O w U 



s ° 

o c 

O tO *J 

vj rt o cn 

Q) U-< Li .h 



0J 




GO 








c 




,M 




•H U 




o 




xJ Q> 




•H 




« >> 






tM 


— 1 «0 




E-h 


O 


CL «-H 












QJ 


d 


U 


+ 


to 


•H 


tu 




Ll 




>> 




«TJ 


■ — I 


rt 




O 


rt 


— t 




u 


xJ 








tn 


O0 


rsl 


U-l 




C 




O 


Li 


•H 


o 




u 


at 


CO 


o 


c 




u 






CL 


CL 



c 

QJ 
xJ 

c 

e o e 



00 

c 



t/i 

<o >>, 

<D O 

c — < 

—i l, 
u m o 

>* 

x: m 
o 



01 « «-> 

^ a cr 





c 


■H CO 




o 


4J — « 




•H 


cO rt 




XJ 


Li *rH 




c 


rt VJ 


to 




a. a> 


-H 


> 


E *-> 




C 


o rt 






u 2: 













• ■ 












Lt 












3 












t' 












u 












O 












4-1 












O 












C 














OJ 










X) 












■H 


rt 










T3 


•— < 






















bo 


Q0 










c 


C 










*H 


•H 












XJ 










rt 


rt 










r-H 












CL 


CL 






















QJ 


c 










x: 


•H 










XJ 


rt 










4-1 


QJ 










O 


Li 












rt 










DO 












c 


0) 










•H 


O 










«-H 


rt 












IM 










03 


Li 










CL 
























"3 
























rt 


i 










QJ 












—1 


m 










J3 


CNJ 










•H 












to 


0 










CO 














U 










CL 














a. 






















rt 


E 
3. 






















&0 














m 










•H 


CVJ 










S* 












rt 


i-i 












in 










■0 


rt 












qj 










j= 












0 












•H 


*-> 










JC 


rt 












VM 










XJ 


O 










rt 


u 




xJ 






O 


OJ 




0) 








XJ 




QJ 






XJ 


4> 




JC 






rt 


E 




w 






l, 


rt 






rt 










— » 


a> 




00 


*a 




0) 


u 




c: 






Q) 


rt 




•H 


u 




XJ 








0 




to 


00 




rt 


•«— 1 






c 




L» 


rt 


QJ 


-O 








E 


U 


QJ 


*0 


rt 






C 


XJ 


10 


QJ 




GO • 


rt a> 


rt 


0) 


Li 





rt c LJ L» o 
— I -H rt C 



CL 


> 


3 


QJ 


rt 






CO 


QJ 


GO 


X 




rt 






rt 


Crt 


CL 


Li 








Li 


c 






QJ 




•H 


JC 


0) 


Cu 


rt 




to 


Vj 


rt 


•w-t 


1 












Li 


rt 


QJ 






QJ 




-a 










1 


v> 






CL 




00 


*-» 


OO 


rt 






XJ 




QJ 




C 


C 


CL 






rt 


c 


QJ 


c 




rt 




fJU 


rt 


O 




rt 






QJ 




Li 


0 










*-> 










a. 




•a 


CL H 




O 




V-l 


CO 




QJ 


c 






00 


rt 


CO 


XJ 




xJ 




0 




rt 


W) 




CJ 


j= 




a> 




rt 






in 




u 


n 


C 




to 




Li 


Li 




3 




fn 


r-» 


•H 


0 




rt 


QJ 


rt 


■•H 


O 


CL O 




m 






2. 




rt 




O0 XJ 


3 




to 




rt 




rg 


(N 




0 


> 


u 


c 












> 


rs) 








c: 


QJ 




rt 


E 


c 


c 


K» 




QJ 




a 


C 


-H 


*H 




4J 




0 


0 


QJ 


O 


rt 




XJ 


rt 


rt 




M 


QJ 


rt 


u 


Li 


to 




CO 


-C 


QJ 


cn 






*J 




U 


QJ 




L-l 


■ >H 


rt 




i-» 


U 


rt 


XJ 


XJ 


C 


M-i 


c 


Li 


aJ 




Ll 


> 


O 




C 


a> 






QJ 


O 


rt 


GO 


rt 


XJ 


rt 






CO 


rt 


»— 1 


to 


W 






E 




QJ 


to 


a 


3 




CO 


E 




to 


to 


c 


U 




O 


Li 




E 


cr 0 


QJ 




XJ 


QJ 


QJ 


0 


Q> 


O 


c 


GO 


M 


O 


QJ 




t-l 


O 


CO 


r-H 


r-H 


0 


X) 










0 




















Vj 
















Li 








•H 




QJ 








C 








QJ 












O. 


0 


O 


X 


H-» 




< 


X 


a, 


e 


<3 


X 


i-H 


fN 


m 
















m 












* 








* 

















55 



RNSnDHJO: <PP 076360BA1 I > 



34 



EP 0 763 608 A1 



(Example 10) 

The materials of the present invention were produced by degreasing and pickling the annealed steel sheets shown 
in Table 10, effecting Ni plating or Fe-Ni plating, or continuous hot-dip plating by a flux method without effecting pre-plat- 
ing, adjusting the plating quantity, and cooling the materials. Chromate treatment was applied to a part of the materials. 

Table 10 tabulates the inner surface corrosion resistance, the outer surface corrosion resistance, solderability and 
formability of the resulting materials of the present invention (with the test condition being the same as those of Exam- 
ple 9). 

(1) Inner surface corrosion resistance: 

The inner surface corrosion resistance was evaluated by using samples having the following shapes and the follow- 
ing test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from the 
base. On the other hand, the corrosion resistance of the comparative materials was not excellent because red rust and 
red change occurred from the base and remarkable discoloration occurred due to the influence of the melting of the 
plating layer. 

(2) Outer surface corrosion resistance: 

The outer surface corrosion resistance was evaluated by using samples having the following shapes and the fol- 
lowing test conditions. As a result, the materials of the present invention were found excellent, with no corrosion from 
the base. On the other hand, red rust and red change occurred from the base and remarkable discoloration occurred 
due to the influence of the melting of the plating layer in the comparative materials, and their corrosion resistance was 
not excellent. 

(3) Solderability: 

Solder spreadability was evaluated under the following test conditions. As a result, the materials of the present 
invention exhibited results equivalent or superior to those of existing lead-tin plated steel sheets. On the other hand, sol- 
derability of the comparative materials was not good because of their large zinc contents. 

(4) Press formability: 

Press forming was carried out under the following conditions, and press formability and adhesion of plating after 
forming were evaluated. As a result, the materials of the present invention exhibited the excellent results, equivalent or 
superior to existing Pb-Sn plated steel sheets. On the other hand, cracking and peeling of the plating occurred in the 
comparative materials depending on the steel component systems, the alloy layers, the thickness of the plating layer 
and the plating compositions. 
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(Example 11) 

After a plating flux containing zinc chloride and hydrochloric acid was applied to 0.8 mm-thick steel sheets that were 
annealed and subjected to skin-pass rolling, each steel sheet was introduced into a tin plating bath (bath temperature 

5 380°C) containing 8 wt% of zinc. After the plating bath and the surface of the steel sheet were allowed to sufficiently 
react with each other, the steel sheet was removed from the plating bath, the plating quantity was adjusted by a gas 
wiping method, and the steel sheet was quickly cooled. 

Each steel sheet after plating had a 0.7 fim-thick Fe-Sn type alloy layer and a plating layer having a plating quantity 
(total plating quantity of Sn + Zn) of 32 g/m 2 per surface. Product sheets were produced by applying chromate treatment 

10 in a deposition quantity of 15 mg/m 2 in terms of chromium to the surface of each steel sheet. 

The surface of each plated sheet was gently corroded with 1 % hydrochloric acid so as to examine the crystal struc- 
ture of each plated sheet, and a crystal structure (spangle) that could be recognized by eye appeared. The mean value 
of the major axis of the crystals was 6.5 mm. After polishing of the section, the distribution state of tin and zinc was ana- 
lyzed by an EPMA (electron probe micro analyzer). As a result, a uniform distribution state could be confirmed. 

15 A corrosion solution was prepared by adding 1 0 vol% of water to intentionally degraded gasoline formed by leaving 

gasoline standing at 100°C a whole day in a pressure container. When a corrosion test was carried out in this corrosion 
solution at 45°C for three weeks, the metal ions eluted were primarily zinc ions, and elution of 2,000 ppm was observed. 
The corrosion resistance was judged excellent. 

20 (Example 12) 

Electroplating was applied in a plating quantity of 0.8 g/m 2 to each of 0.8 mm-thick steel sheets that were annealed 
and subjected to skin-pass rolling. After a plating flux containing zinc chloride and hydrochloric acid was applied, each 
steel sheet was introduced into a tin plating bath (at 350°C) containing 15 wt% of zinc. After the plating bath and the 

25 surface of each steel sheet were allowed to sufficiently react with each other, the steel sheet was removed from the plat- 
ing bath, the plating quantity was adjusted by a gas wiping method, and the steel sheet was quickly cooled. 

Each steel sheet after plating had a 0.5 nm-thick Fe-Sn type alloy layer (having a Ni content of 1 7%) and a plating 
quantity (total plating quantity of Sn + Zn) of 33 g/m 2 (per surface). Product sheets were produced by applying chromate 
treatment in a deposition quantity of 12 mg/m 2 in terms of chromium to the surface of each steel sheet. 

30 The surface of each plated sheet was gently corroded with 1% hydrochloric acid so as to examine the crystal struc- 
ture of each plated sheet, and a crystal structure that could be recognized by eye appeared. The mean value of the 
major axes of the crystals was 1 2.0 mm. After polishing of the section, the distribution state of tin and zinc was analyzed 
by an EPMA (electron probe microanalyzer). As a result, a considerable amount of needle zinc crystals were observed 
in comparison with Example 11 , but a substantially excellent distribution state could be confirmed. 

35 A corrosion solution was prepared by adding 1 0 vol% of water to intentionally degraded gasoline formed by leaving 
it standing at 100°C for a whole day in a pressure container. When a corrosion test was carried out in this corrosion 
solution at 45°C for three weeks, the metal ions eluted were primarily zinc ions, and elution of 3,000 ppm was observed. 
The corrosion resistance was judged excellent. 

40 Comparative Example 1 : 

Electroplating was applied in a plating quantity of 0.8 g/m 2 to each of 0.8 mm-thick steel sheets that were annealed 
and subjected to skin-pass rolling, in the same way as in Example 2. After a plating flux containing zinc chloride and 
hydrochloric acid was applied to each steel sheet, the steel sheet was introduced into a tin plating bath (at 350°C) con- 
45 taining 1 5% of zinc. After the plating bath and the surface of the steel sheet were allowed to sufficiently react with each 
other, the steel sheet-was removed from the plating bath, the plating quantity was adjusted by a gas wiping method, 
and the steel sheet was then cooled gently. 

Each steel sheet after plating had a 0.5 pm-thick alloy layer consisting primarily of FeSn 2 and a plating layer having 
a plating quantity (total plating quantity of Sn + Zn) of 33 g/m 2 (per surface). Product sheets were produced by applying 
so chromate treatment in a deposition quantity of 12 mg/m 2 in terms of chromium to the surface of each steel sheet. 

The surface of each plated sheet was gently corroded with 1% hydrochloric acid so as to examine the crystal struc- 
ture of each plated sheet. It was found that large crystals grew due to gradual cooling, and the mean value of the sizes 
of the major axes was 30.0 mm. After polishing of the section, the distribution state of tin and zinc was analyzed by an 
EPMA (electron probe microanalyzer). As a result, a large number of needle-like macrocrystals of zinc was observed, 
55 and the segregation state of tin and zinc was confirmed. 

When the corrosion test was carried out in the same way as in Example 12, elution of 5,200 ppm of zinc was 
observed, and deterioration of the corrosion resistance due to the macrocrystals of zinc was confirmed. 



38 



EP 0 763 608 A1 



(Example 13) 

The plated steel sheets of the Examples of the present invention and of the comparative examples were produced 
by applying foundation plating shown in Table 1 1 to 0.8 mm-thick steel sheets that were annealed and subjected to skin- 
pass rolling, then applying a plating flux containing zinc chloride and hydrochloric acid, and introducing them into a tin 
base alloy plating bath shown in Table 11. After the plating bath and the surface of each steel sheet were allowed to 
sufficiently react with each other, the steel sheet was removed, the plating quantity was adjusted by a gas wiping 
method, and each steel sheet was quickly cooled. Incidentally, the thickness of the alloy layer was adjusted by the reac- 
tion time between the plating bath and the surface of the steel sheet. After plating, an organic-inorganic composite film 
was deposited under the conditions shown in Table 11. 

As a. result, the alloy layer, the plating layer and the organic-inorganic composite film shown in Table 12 were 
formed. The alloy layer was comprised primarily of iron and tin. 

A corrosion solution was prepared by adding 10 vol% of water to intentionally degraded gasoline formed by leaving 
it standing at 100°C for a whole day in a pressure container, and each of the steel sheets obtained in the way described 
above was immersed into this corrosion solution at 45°C for three weeks for the purpose of the corrosion test. As a 
result, elution of the metallic ions shown in Table 13 was obtained. The elution quantity of the metallic ions in the present 
invention was small and excellent. Press formability and bondability were evaluated by producing actually tanks, and 
the results shown in Table 13 could be obtained. Here, press formability was evaluated by press forming. 

A cylinder deep drawing test was carried out as an evaluation method of press forming. Each blank having a diam- 
eter of 200 mm0 was contracted by a punch of 1 00 mm0, and the plating peel state on the cup side wall was inspected. 
To strictly judge press formability, the shoulder radius of a die was set to 2.5 mm, more severe forming conditions than 
ordinary forming conditions were employed. 



Table 1 1 



Plating Conditions and Organic-Inorganic Composite Film Treating Solution Conditions 



No. 



Foundation plating 



Hot-dip plating 



Inorganic-organic composite film treating 
solution 



no foundation plating 



B electroplating of Ni in dep- 
osition q'ty of 0.8 g/m 2 



electroplating of Ni in dep- 
osition q'ty of 1.5 g/m 2 

electroplating of Ni in dep- 
osition q'ty of 0.8 g/m 2 



electroplating of Ni in dep- 
osition q'ty of 0.8 g/m 2 



Sn plating bath containing Zn 8% 
and balance of Sn and unavoidable 
impurities, at 300°C 

Sn plating bath containing Zn 12% 
and balance of Sn, Mg 1% and una- 
voidable impurities, at 320°C 

Sn plating bath containing Zn 9.2%, 
A£ 1.2% and balance of Sn and una- 
voidable impurities, at 280°C 

Sn plating bath containing Zn 15% 
and balance of Sn and unavoidable 
impurities, at350°C 

Sn plating bath containing Zn 15% 
and balance of Sn and unavoidable 
impurities, at 450°C 



aqueous solution containing acrylic 
resin 5 g/£, chromic acid 20 gt£, silica 1 0 
g/£, organic phosphoric acid 3 gll 

aqueous solution containing acryl-modi- 
fied epoxy resin 20 g/£, barium chro- 
mate 10 gl£ and silica 10 gf£ 

aqueous solution containing polyester 
resin 20 g/£, silica 5 gll and potassium 
permanaganate 5 gll 

without organic-inorganic composite 
treatment film 

aqueous solution containing acrylic 
resin 5 g/£, chromic acid 20 g/£, silica 10 
gl£ and organic phosphoric acid 3 git 
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Table 13 



Corrosion resistance, press formability and wettability 



No. 


Evaluation 


Remarks 




Eluted ions and q'ty (%) 


Press 
formability 


Seam 
weldability 


Spot 
weldability 




1 




ouu ppm 


® 


© 


© 


This Invention 


2 


Zn 




© 


o 


O 


3 


7n 


du ppm 


o 


© 


o 


4 


2n 


i uuu ppm 


© 


o 


o 


5 


Zn 


40 ppm 


® 


o 


o 


6 


Zn 


PSn nnm 


® 


© 


© 


7 


Zn 


240 ppm 


® 


© 


© 


8 


Zn 


270 ppm 


© 


© 


© 


r\ 

y 


Zn 


200 ppm 


© 


© 


© 


10 


Zn 


4600 ppm 


o 


X 


X 


Comparative 
Materials 


11 


Zn 


450 ppm 


X 


O 


o 


12 


Zn, Fe 


4000 ppm 


O 


o 


o 


13 


Zn 


2000 ppm 


© 


X 


X 


14 


Zn 


40 ppm 


® 


X 


X 


15 


Pb: 

Fe:- 


9700 ppm, 
1200 ppm 









35 Bondability was evaluated by seam weldability and spot weldability. 
Seam weldability: 

Continuous seam welding was carried out by a constant current control system (disc diameter 300 mm0 p elec- 
trode diameter 6R) of a 60 Hz single-phase alternating current, and weldability was judged by inspecting the sec- 
40 tion and the surface of the weld portion. 
Spot weldability: 

A continuous break point test was carried out by using a stationary spot welding machine and an electrode 
having a tip diameter of 6 mm by a constant current control system of a 60 Hz single-phase alternating current. 

45 The section was inspected every 20 breaking points, and the number of breaking points before a nugget diameter 
fell below a predetermined value was calculated so as to judge weldability. 
The symbols for evaluation are as follows. 

©: excellent 
50 O : fair 
X: inferior 

(Example 14) 

55 Hereinafter, the Examples of the Zn-Sn plated steel sheets produced by the method of the present invention will be 
explained. 

Each material obtained by hot rolling a slab, pickling, cold rolling and then annealing was used as a to-be-plated 
material. Part of these materials were pre-plated after annealing, and were used as the to-be-plated materials. There- 
after, a flux was applied to each material, and the material was passed through a Sn-Zn bath and after the plating quan- 
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. tity was adjusted, each sheet was taken up. 

Table 14 tabulates various operation conditions, plating states after plating, and plating adhesion. Incidentally, cool- 
ing after plating was carried out at a rate of at least 20 °C/sec. 

Samples produced under the operation conditions of Nos. 1 to 15 shown in Table 14 were free from inferior plating 
5 and peeling of the plating and were excellent. On the other hand, samples produced under the operation conditions of 
Nos. 16 to 19 had the problems of inferior plating and adhesion of plating. 

Inferior plating evaluation point/examination by naked eye: 

70 © no inferior plating 

a: slight inferior plating 

X: inferior plating 

Plating adhesion evaluation point/cylindrical press (blank system 70 mm, drawing depth 15 mm), taping of outer 
75 side surface 

© : no peeling of the plating 

a: slight peeling of the plating 

X: peeling of the plating 



20 



Plating quantity was expressed by nickel content. 



Table 15 tabulates various operation conditions and the zinc crystals state in the plating layer. 

When the zinc distribution state of the surface of the plating layer of each of the samples produced under the oper- 
as ation conditions of Nos. 1 to 15 shown in Table 15 was inspected, the number of the zinc crystals having a size greater 
than 250 jim, that affected adhesion of plating and the corrosion resistance, was not greater than 20 pcs/0.25 mm 2 and 
was extremely small. On the other hand, in the samples produced under the operation conditions of Nos. 1 6 to 1 9, the 
density of the zinc crystals having a great length was high. 

30 



35 



40 



45 



50 



55 
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Table 14 



5 


Section 


No. 


Kind of 
pre-plat- 
ing (wt%) 


prp-olat- 

ing q'ty 
(g/m 2 )* 1 


CP rnntent 

V-M. UUI lid 11 

in flux 
(wt%) 


Rath 

Oct 11 I 

temp. 
(°C) 


Zn con- 
tent in 
bath 
(wt%) 


tsaxn 
immer- 
sion time 
(sec) 


Inferior 
plating 
state" 2 


Adhesion 
of plating" 3 




Thic 
i nib 

Invention 


\ 


Mi 


0.30 


43.5 


264 


3 


10.0 


<§> 


® 


10 




Q 


Mi 
(Ml 


2.20 


10.5 


505 


3 


1.5 


© 


® 






Q 
O 


Mi 

NI 


0.95 


3.0 


411 


3 


14.5 


© 


® 






A 

4 


Nl 


0.55 


43.5 


235 


10 


2.0 


© 


® 


15 


r. 


5 


Ni 


0.14 


20.0 


505 


10 


14.0 


© 


® 






6 


Ni 


0.25 


3.0 


298 


20 


9.5 


© 


© 






7 


Ni 


0.85 


43.5 


475 


20 


1.5 


© 


© 






8 


Ni 


2.95 


43.5 


298 


20 


14.0 


© 


© 


20 




Q 


Mi 
INI 


l.UO 


10. o 


536 


60 


2.0 


© 


® 






10 


Ni 


2.95 


43.5 


475 


60 


2.0 


© 


® 






11 


20Ni- 
80%Fe 


0.25 


3.0 


367 


60 


9.5 


© 


® 


25 




12 


20Ni- 

OU /ore 


1.05 


10.5 


571 


20 


10.0 


© 


® 


30 




13 


20Ni- 
ftn°AFo 


2.20 


10.5 


235 


3 


2.0 


© 


© 




14 


80Ni- 
/ore 


0.15 


3.0 


367 


61 


9.5 


© 


® 






15 


80Ni- 
20%Fe 


0.85 


43.5 


235 


10 


10.0 


© 


© 


35 


Compara- 
tive Mate- 


16 


Ni 


0.03 


3.0 


411 


10 


60.0 


X 


X 




rials 


17 


20Ni- 
80%Fe 


1.05 


1.5 


475 


80 


180 


X 


X 


40 




18 


20Ni- 
80%Fe 


1.05 


20.0 


225 


30 


125 


X 


X 






19 


no pre- 
plating 




1.5 


411 


20 


62.0 


X 


X 



*1: Plating q'ty was expressed by Ni content. 
45 *2: Plating evaluation (inspection by naked eye): 



©: no inferior plating 
a: slight inferior plating 
X: inferior plating 

*3: Plating adhesion evaluation/taping to outside surface of cylinder press (blank diameter 70 mm, drawing depth 15 mm) 
©: no peeling of the plating 
a: slight peeling of the plating 
X: peeling of Ihe plating 
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Table 15 



5 



70 



25 



Section 


No. 


Kind of pre- 
plating (wt%) 


Pre-plating 

qty (g/m 2 )* 1 


Cooling rate 
(°C/sec) 


Bath temp. 
(°C) 


Zn content in 
bath (wt%) 


Zn distribution 
state in plating 
layer c 


This 

Invention 


4 


Ni 


0.55 


20.8 


235 


10 


© 


5 


Ni 


0.15 


20.5 


505 


10 


© 


6 


Ni 


0.25 


34.8 


298 


20 


© 


7 


Ni 


0.85 


35.2 


475 


20 


© 


8 


Ni 


2.95 


68.8 


298 


20 


© 


9 


Ni 


1.05 


48.9 


536 


60 


© 


10 


Ni 


2.95 


36.1 


475 


60 


© 


11 


20Ni-80%Fe 


0.25 


20.6 


367 


60 


© 


12 


20Ni-80%Fe 


1.05 


50.4 


571 


20 


© 


13 


20Ni-80%Fe 


2.20 


20.9 


235 


3 


© 


14 


80Ni-20%Fe 


0.15 


20.1 


367 


61 


® 


15 


80Ni-20%Fe 


0.85 


69.6 


235 


10 


® 


Compara- 
tive Mate- 
rials 


16 


Ni 


0.03 


3.8 


411 


10 


A 


17 


20Ni-80%Fe 


1.05 


16.9 


475 


60 


X 


18 


20Ni-80%Fe 


1.05 


2.9 


225 


30 


X 


19 


no pre-plating 




19.5 


411 


20 


A 



"1 : Plating qty was expressed by Ni content. 

*2: Evaluation of Zn distribution state in plating layer/area ratio of coarse Zn crystals by SEM inspection of plating layer sur- 
face 

@ : not more than 20 pcs/0.25 mm 2 of Zn crystals greater than 250 urn in length 

a: 20 to 50 pcs/0.25 mm 2 of Zn crystals greater than 250 urn in length 

X: more than 50 pcs/0.25 mm 2 of Zn crystals greater than 250 urn in length 



40 (Example 15) 

Each material obtained by applying Ni pre-plating in a plating quantity of 0.5 g/m 2 to a low carbon steel, that was 
produced by hot rolling, pickling, cold rolling and annealing, was used as a to-be-plated material. Each of the resulting 
sheets was then passed through a hot-dip plating line having a non-oxidizing furnace-reducing furnace. Plating pre- 

45 treatment was carried out at a maximum sheet temperature in the non-oxidizing furnace of 500°C, an air ratio of 0.95, 
a maximum sheet temperature in the reducing furnace of 760°C, a ratio of retention time in the non-oxidizing furnace 
to retention time in the reducing furnace of 0.9, a dew point at the outlet of the reducing furnace of -45°C and a hydro- 
gen concentration at the outlet of the reducing furnace of 12 vol%. The sheet temperature at the entrance portion of the 
bath was adjusted to 3O0°C, and each sheet was passed through a plating bath containing 10 wt% of zinc and 90 wt% 

so of tin at 295°C for 5 seconds. The plating quantity was adjusted to 40 g/m 2 per surface at the rise point from the bath, 
and each sheet was cooled at a rate of 30 °C/sec. 

As a result, no inferior plating was found by the inspection by naked eye, and peeling by ball impact did not occur 
either. In other words, the steel sheets of the present invention were confirmed to have excellent basic performance. 
Macroscopic zinc crystals having a major diameter of greater than 250 urn did not occur in the plating layer, either, and 

55 the plating structure was found excellent. 

(Example 16) 

Low carbon steel sheets were produced by hot rolling a slab and conducting pickling, cold rolling and then anneal- 
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ing. Each cold rolled sheet, which was pre-plated or was not pre-plated, was used as a to-be-plated material. Thereaf- 
ter, each sheet was passed through a hot-dip plating line having a non-oxidizing furnace-reducing furnace so as to 
produce a Zn-Sn plated steel sheet. Incidentally, the plating quantity was adjusted to 40 g/m 2 per surface, and the cool- 
ing rate was set to a rate of 25 °C/second when the zinc content in the plating layer was at least 8.8 wt%, and to a rate 
of 10 °C/sec when the zinc content was less than 8.8 wt%. Tables 16 and 17 tabulate the basic production conditions 
under various furnace operation conditions and Table 16 tabulates the inferior plating state after plating and adhesion 
of plating. 

As shown in Tables 16 and 17, the steel sheets produced under the operation conditions of Nos. 1 to 16 were excel- 
lent without the occurrence of peeling of the plating in a forming test. On the other hand, the steel sheets produced 
under the conditions of Nos. 17 to 20 exhibited problems in basic performance such as inferior plating or adhesion of 
plating. 

Table 17 shows the crystal state of zinc in the plating layer during production. When the zinc distribution state of 
the surface of the plating layer of each of the samples produced under the conditions of Nos. 1 to 1 6 was inspected, the 
number of the zinc crystals having a major diameter of at least 250 jjm, that affected adhesion of plating and the corro- 
sion resistance, was not greater than 20 pcs/0.25 mm 2 and was extremely small, and adhesion of the plating was excel- 
lent, too. The samples produced under the conditions of Nos. 17 to 20 had a high density of the zinc crystals having a 
large length, and the problem of the adhesion of the plating occurred. 
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Nickel-iron plating was expressed by Ni content 
(wt%). 

Pre-plating q ' ty was expressed by Ni content 
(g/m 2 ). 

NOF: non-oxidizing furnace, RTF: reducing 
furnace 

Melting point of Sn-Zn bath with respect to 
Zn addition amount, and has the relation 
tabulated below. 



Zn content in 
plating bath 
wt% 


2 


10 


30 


60 


85 


m.p. /°C 


220 


215 


315 


360 


390 



Evaluation of plating/inspection by naked eye 

©: no inferior plating 

a: slight inferior plating 

x: inferior plating 

Evaluation of plating adhesion/confirmation of 
peeling of the plating by taping to outside of 
cylinder press (blank diameter 70 mm, drawing 
depth 15 mm) 

@: no peeling of the plating 

a: slight peeling of the plating 

x: peeling of the plating 
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Table 17 



5 



10 



25 



Section 


No. 


Kind of pre- 

nlatinfi 

(wt%)* 1 


Pre-plating 
a'tv (a/m 2 ) 2 


Zn content in 
bath (wt%) 


Bath temp. 
(°C) 


Cooling 
rate °C/sec 


Zn distribu- 
tion in plating 
layer and 
adhesion J 


This Invention 


2 


Ni 


2.95 


2.0 


515 


20.1 


® 


3 


Ni 


0.25 


10.0 


250 ! 


20.9 




4 


Ni 


2.90 


10.0 


515 


49.7 


® 


5 


Ni 


2.95 


30.0 


620 


52.1 


® 


6 


Ni 


0.30 


60.0 


390 


21.1 


® 


8 


20%Ni 


2.95 


2.0 


515 


19.8 


® 


9 


20%Ni 


0.55 


10.0 


250 


20.5 


® 


10 


20%Ni 


2.90 


60.0 


390 


21.1 


© 


12 


80%Ni 


2.85 


2.0 


515 


20.2 


® | 


13 


80%Ni 


1.95 


30.0 


620 


51.1 


® 


15 


nil 




10.0 


250 


21.2 


® i 


16 


nil 




10.0 


515 


29.8 


® 


Comparative 
Materials 


17 


Ni 


0.1 


| 85.0 


390 


10.5 


A 


18 


20%Ni 


0.5 


85.0 


390 


15.1 


A 


19 


80%Ni 


3.5 


35.0 


600 


17.0 


A 


20 


nil 




15.0 


250 


5.8 


A 



*1: Ni-Fe pre-plating was expressed by nickel content (wt%). 
*2: Pre-plating quantity was expressed by nickel content (g/m 2 ). 

*3: Evaluation of Zn distrtoution state in plating layer/area ratio of coarse Zn crystals by SEM surface inspection of plating 
layer, and evaluation of adhesion: 

©: not more than 20 pcs/0.25 mm 2 of Zn crystals greater than 250 urn in length 

a: 20 to 50 pcs/0.25 mm 2 of Zn crystals greater than 250 um in length 

X: more than 50 pcs/0.25 mm 2 of Zn crystals greater than 250 um in length 



40 

INDUSTRIAL APPLICABILITY 

As described above, the present invention provides extremely excellent effects in that rust-proofing steel sheets for 
45 fuel tanks having various excellent characteristics as a fuel tank materia! can be obtained. 

Claims 

1 . A rust-proofing steel sheet for a fuel tank characterized in that an alloy layer containing at least one of nickel, iron, 
so zinc and tin is deposited onto surfaces of a steel sheet to a thickness of not greater than 2 um per surface, and a 

Sn-Zn alloy plating layer consisting of 40 to 99 wt% of tin and the balance of zinc and containing not greater than 
20 pcs/0.25 mm 2 of zinc crystals having a major diameter of at least 250 u.m is deposited onto said alloy layer to a 
thickness of 2 to 50 jjm per surface. 

55 2. A rust-proofing steel sheet for a fuel tank according to claim 1 . wherein surface coarseness Ra of said Sn-Zn alloy 
plating layer is 0.2 to 3.0 um. 

3. A rust-proofing steel sheet for a fuel tank characterized in that an alloy layer containing at least one of nickel, iron, 
zinc and tin is deposited onto surfaces of a steel sheet consisting of C < 0.1%, Si < 0.1%, 0.05 < Mn < 1 .2%, P < 
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0.04%, A£ < 0.1% and the balance of iron and unavoidable impurities to a thickness of not greater than 1 .5 per 
surface, and a Sn-Zn alloy layer consisting of 40 to 99 wt% of tin and the balance of zinc and containing not greater 
than 20 pcs/0.25 mm 2 of zinc crystals having a major diameter of at least 250 urn is deposited onto said alloy layer 
to a thickness of 2 to 50 per surface. 

4. A rust-proofing steel sheet for a fuel tank according to claim 3, wherein at least one of 0.0002 to 0.0030 wt% of B, 
not greater than 1 .0 wt% of Ti and/or Nb and 0.2 to 6.0 wt% of Cr is added besides the component composition of 
said steel sheet to which said Sn-Zn alloy plating layer is applied. 

5. A rust-proofing steel sheet for a fuel tank characterized in that an alloy layer containing at least one of nickel, iron, 
zincand tin is deposited onto surfaces of a steel sheet consisting of C < 0.1%, Si < 0.1%, 0.05 < Mn < 1.2%, P < 
0.04%, A^< 0.1%, 0.0002 to 0.0030% of B, Ti and/or Nb < 1.0% and the balance of iron and unavoidable impurities 
to a thickness of not greater than 1 .5 jim per surface, and a Sn-Zn alloy plating layer consisting of 40 to 99 wt% of 
tin and the balance of zinc and containing not greater than 20 pcs/0.25 mm 2 of zinc crystals having a major diam- 
eter of at least 250 ^im is deposited onto said alloy layer to a thickness of 2 to 50 urn per surface. 

6. A rust-proofing steel sheet for a fuel tank characterized in that an alloy layer containing at least one of nickel, iron, 
zinc and tin is deposited onto surfaces of a steel sheet to a thickness of not greater than 2 fim, a Sn-Zn alloy plating 
layer consisting of 40 to 99 wt% of tin and the balance of zinc and containing not greater than 20 pcs/0.25 mm 2 of 
zinc crystals having a major diameter of at least 250 is deposited onto said alloy layer to a thickness of 2 to 50 
urn per surface, and the size of the major diameter of the plating metal crystals (spangle) is not greater than 20 mm 
on the outermost surface of said alloy plating layer. 

7. A rust-proofing steel sheet for a fuel tank according to any of claims 1 through 6, wherein a chromate film is further 
deposited onto the outside of said alloy plating layer to a thickness of 0.2 to 1 00 mg/m 2 calculated as chromium per 
surface. 

8. A rust-proofing steel sheet for a fuel tank according to any of claims 1 through 6, wherein 0.01 to 2.0 g/m 2 of an 
organic-inorganic composite film is further deposited to the outside of said alloy plating layer. 

9. A rust-proofing steel sheet for a fuel tank according to claim 8, wherein said organic-inorganic composite film con- 
tains not greater than 20% in total of chromium, silicon, phosphorus and manganese type compounds. 

1 0. A rust-proofing steel sheet for a fuel tank according to claim 8, wherein said organic-inorganic composite film is of 
an acrylic type, a polymer type and/or an epoxy type. 

1 1. A production method of a rust-proofing steel sheet for a fuel tank, comprising the steps of: 

applying Ni-Fe type pre-plating onto an annealed steel sheet in a plating quantity of 0. 1 to 3.0 g/m 2 in terms of 
a nickel content; 

applying a flux containing hydrochloric acid in a quantity of 2 to 45 wt% calculated as a chlorine content; 
immersing said steel sheet in a bath consisting of 40 to 99 wt% of tin and the balance of zinc for less than 15 
seconds at a bath temperature of (melting point + 20°C) to (melting point of 300° C) for plating; and 
cooling said plated steel sheet at a cooling rate of at least 10 °C/sec. 

12. A production method of a rust-proofing steel sheet for a fuel tank comprising the steps of: 

applying nickel and Ni-Fe type pre-plating to an annealed steel sheet in a plating quantity of 0.1 to 3.0 g/m 2 in 
terms of a nickel content; 

conducting plating pre-treatment at a maximum sheet temperature inside a non-oxidizing furnace of 350 to 
650°C, an air ratio of 0.85 to 1 .30, a maximum sheet temperature inside a reducing furnace of 600 to 770°C, a 
ratio of a retention time inside said non-oxidizing furnace to a retention time inside said reducing furnace of 1 
to 1/3 and an outlet dew point of said reducing furnace of not higher than -20°C; 
adjusting the sheet temperature immediately before plating to almost the plating bath temperature; 
immersing said steel sheet in a bath consisting of 40 to 99 wt% of tin and the balance of zinc and unavoidable 
impurities for less than 6 seconds at a bath temperature of (melting point + 20°C) to (melting point + 300°C) of 
the plating bath metals for plating; and 

cooling said plated steel sheet at a cooling rate of at least 10 °C/sec. 



49 



0763608A1 I > 



EP 0 763 608 A1 

13. A production method of a rust-proofing steel sheet for a fuel tank comprising the steps of: 

conducting plating pre-treatment for a cold rolled sheet at a maximum sheet temperature inside a non-oxidizing 

furnace of 450 to 750°C, an air ratio of 0.85 to 1.30, a maximum sheet temperature inside a reducing furnace 
5 of 680 to 850°C, a ratio of a retention time inside said non-oxidizing furnace to a retention time inside said 

reducing furnace of 1 to 1/3 and an outlet dew point of said reducing furnace of not higher than -25°C; 

adjusting the sheet temperature immediately before plating to almost the plating bath temperature; 

immersing said steel sheet in a bath consisting of 40 to 99 wt% of tin and the balance of zinc and unavoidable 

impurities for less than 6 seconds at a bath temperature of (melting point + 20°C) to (melting point + 300°C) of 
to the plating bath metals for plating; and 

cooling said plated steel sheet at a cooling rate of at least 10 °C/sec. 
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Fig. 1(a) 
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